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ABSTRACT 


The present study examined the galvanic skin and heart rate 
responses of 15 normal and 30 educable mentally retarded children, 
during a 30-minute vigilance task in an attempt to delineate a presumed 
“attentional” deficit in the retarded. 

The task consisted of pressing a key whenever the signal sequence 
MAN BOY MAN was heard. The background nonsignals consisted of the 
sequences MAN BOY CHAIR, MAN KEY MAN, and CAT BOY MAN. The mentally 
retarded children were randomly assigned to one of the two conditions, 
instructed and noninstructed (15 Ss in each condition). The instructed 
group was told to rehearse overtly throughout the session the sequence: 
"MAN BOY MAN Press!" The noninstructed group was only given the 
instructions to press the key whenever they heard the signal sequence 
MAN BOY MAN, which were the identical instructions for the normals. 

The noninstructed committed a greater number of false detection and 
omission errors in vigilance than the normals. The number of omission 
errors differentiated the instructed group from the noninstructed, the 
latter group committing more errors. The heart rate and GSR also 
differentiated the groups, although this was not consistently evident. 

The results were interpreted in terms of a possible deficit in the 
mentally retarded with respect to the selective component of "attention" 
as indicated in the orienting responses to some of the nonsignals. 
However, the retardates “ould not be distinguished from the normals on 
the alerting or general arousal components. Specific instructions to 
rehearse in this particular task were effective in raising the level of 
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vigilance performance of the mentally retarded. It is suggested that 
this is an aspect requiring further study which would utilize different 


tasks and strategies. 
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CHAPTER I 
INTRODUCTION 


Professionals working with retarded children have noted a wide 
variety of behavioral differences. Probably most often noted is that 
of “attention”. When the retarded child fails to learn a task as 
rapidly as the normal, then attentional deficit is often hypothesized 
to account for this difference in learning rate (Zeaman & House, 1963; 
Ellis, 1963). 

There are a variety of procedures used to study attention in 
humans, including dichotic listening, vigilance and the orienting 
response (Worden, 1966; Swetz & Kristofferson, 1970). Of these, the 
presently proposed study uses the orienting response and a vigilance 
task as a method to examine the attention of the retardate to ue 
stimuli. Focusing on verbal stimuli, one may combine two major types 
of attention: The attention to external events and attention to internal 
events such as memory and thought (Lacey, 1959). 

Habituation of the orienting response has been the subject of 
several investigations as reviewed by Karrer (1966). Habituation is 
defined as a response decrement to a repeated stimulus (Thompson & 
Spencer, 1966). Thus, as a stimulus is repeatedly presented, it fails 
to evoke an orienting response. Habituation has been found to be 
faster in the retardate in some but not all studies (Karrer, 1966). 
The lack of agreement seems to be due to variations in tasks, subjects 
and the experimental conditions. Few studies have used verbal stimuli 
and the literature is almost void with respect to vigilance performance, 
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and simultaneous orienting response habituation measures with normal-_ 
retardate comparisons. 

Vigilance tasks require a reasonably high degree of attentiveness 
from the subject, allowing him to detect changes in stimuli events and 
select the signal stimuli from the background nonsignal stimuli. The 
tasks are usually conducted in an environment where all irrelevant 
stimuli are controlled. Vigilance studies should therefore delineate 
further the "attentional" behavior of mentally retarded subjects, 
particularly when an additional index of “attention" such as the 
orienting response is employed. 

There is a considerable amount of evidence that training mental 
retardates in the use of strategies in which to cope with short-term 
memory tasks is effective in raising their levels of performance on the 
tasks (cf. Belmont, Wambold & Butterfield, 1973). Would this be the 
case in a vigilance task enabling the retardate to be more "selective" in 


his attending? 


This study was concerned with vigilance behavior and concomitant 
autonomic responses (OR) of heart rate and galvanic skin responses of 
normals and mental retardates. The effect of training the retardate 
in a rehearsal strategy in which to cope with the vigilance task was 


also of major concern in the study. 
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CHAPTER II 
SELECTIVE REVIEW OF RELATED LITERATURE 


Attention and Mental Retardation 


Psychology has been concerned with the process of "attention" for 
a great many years. It is difficult to define "attention" without some 
difficulty. In general terms, it can be considered as a "mental 
faculty" that selects one or a number of external or internal stimuli 
(Mackworth, 1970). According to Neisser (1967), “attention” is 
directional and is an abeives reconstructive, general cognitive 
function. The historical antecedents surrounding the concepts of 
attention have been well documented (Mastofsky, 1970; Trabasso & Bower, 
1967). The following discussion will focus, therefore, on some Girrent 
aspects of attention as they relate to the present study and, in 
particular, the mentally retarded child. 

Some writers have discussed different components which make up 
the general construct of "attention". Posner and Bois (1971) discussed 
"attention" in terms of three basic components: alertness, selectivity 
and processing capacity. Pribram and McGuinness (1975) described 
"attention" in much the same terms as Posner et al. (1971). Pribram 
et al. (1975) have considered "attention" in terms of three basic 
control systems. One controls arousal, which they define in terms of 
phasic physiological responses to input. A second system controls 
activation and is defined in terms of tonic physiological readiness to 
respond. The third system co-ordinates activation and arousal, and is 
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defined as requiring effort. The three systems, arousal, activation 
and effort, control "attention". 

In mental retardation, "attention" has been a key construct. A 
number of researchers have noted that the retardate appears to suffer 
from an attentional deficit and therefore they suggest that this re 
what affects the retardate's ability to learn (Luria, 1963; O'Connor & 
Hermelin, 1963; Ellis, 1963; Zeaman & House, 1963). The reason for 
this deficit is most often attributed to a weak central nervous system. 
This hypothesis of a pathological condition of the cortex appears to be 
strongly favored by Soviet investigators (Sokolov, 1963; Luria, 1963). 

When one considers the above components or systems and the 
complexity of their interactions in the "attending" process, the 
question arises as to whether the retardate's presumed "attention" | 
deficit is related to any one component in particular or whether it is 
a function of the total process of "attention". The literature does 


not offer a clear-cut answer to this. 
Arousal 


A number of studies point to impaired alerting or arousal in the 
mentally retarded. Clausen (1973) defines "arousal" as ". . . the 
general response or response readiness of an individual, modifiable by 
stimulation and measurable in terms of performance level or psycho- 
physiological activity (p. 286)." 

Clausen (1966) concluded from his analysis of ability structure 
that the retardate suffers from an impairment of mobilization of 


arousal and this would therefore adversely affect his performance. 
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Holden (1965), in studying the speed of response (RT), lends support 


to the inference of impaired mobilization of arousal. Baumeister and 
Kellas (1968), in their comprehensive review of reaction time (RT) 
studies dealing with the mental retardate, also suggest an arousal 
deficit: "Enough evidence has been presented to lead to the tentative 
conclusion that retardates suffer a prestimulus arousal dart cheney or 
attentional lag (p. 188)." Meldman (1970) also suggests an arousal 
deficit in the retardate. He describes mental deficiency as mental 
hypoattentionism. The retardate further exhibits a low arousal and 
low selectivity of attention. Therefore, in tasks requiring selective 
attention Meldman's hypothesis would indicate that the mentally 
retarded would do poorly when compared to a normal person of the same 
chronological age (CA). The theory of hypoattentionism postulated by 
Meier (1970) is very much in line with the views of Ellis (1963) and 
Luria (1963, 1971) in that CNS impairment is indicated. 

It is true that the mentally retarded have consistently displayed 
slower response speed than CA or MA matched normals (Baumeister & 
Kellas, 1968). However, the question as to whether this is a function 
of arousal has still not been answered conclusively. Crosby (1972) 
found that brain-damaged, institutionalized retarded subjects and young 
children (9 years) of average intelligence displayed least adequate 
performance as compared to non-brain-damaged and older normal children 
on a task requiring them to respond to an X when they saw it occur. 
However, they performed well in a task in which they were required to 
press a button whenever they noted an X immediately following an A. 


Crosby (1972) suggests that the A, or warning signal, had an arousing 
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effect. This is generally suggested in RT tasks (Baumeister & Kellas, 
1968). However, there were no objective measures of arousal, such as 
galvanic skin response or heart rate, taken in Crosby's study. To more 
objectively determine the arousal component with respect to performance 
in an attentional task, the physiological measures or galvanic skin 
response and heart rate would seem to be appropriate. 

Retardates have been found to be less responsive in autonomic 
nervous system (ANS) measures such as the GSR (Karrer, 1966). The GSR 
has frequently been used as an objective measure of arousal, the 
inference being that the mental retardate suffers from an arousal 
deficit, and that this affects the RT performance as well as other 
tasks requiring sustained attention. However, when resting skin 
conductance levels (SCLs) are considered the evidence supporting 
arousal differences is not clear. In a review article, Karrer (1966) 
suggests that there is considerable support for the findings of higher 
SCLs for the mentally retarded population. Studies published subsequent 
to the Karrer (1966) review do not wholly support the findings that 
mentally retarded Ss display higher SCLs than normals (Stern & Jones, 
1973). The results of these studies are somewhat contradictory. 
According to the Stern et al. (1973) review, three studies have found 
mentally retarded subjects more aroused than normals (higher SCLs) 
(O'Connor & Venables, 1956; Ellis & Sloan, 1958; Karrer & Clausen, 1964), 
two have found the mentally retarded less aroused than normals (lower 
SCLs) (Collman, 1959; Fenz & McCabe, 1971), two studies obtained no 
differences (Lobb, 1968; Clausen & Karrer, 1970), and one study obtained 


mixed results (Berkson, Hermelin & O'Connor, 1961). Attempts were made 
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in the majority of the above studies to eliminate brain-damaged Ss. 

The summary one reaches with respect to these findings is that they are 
inconsistent, but that there is a trend toward no difference in resting 
SCLs of normals and retardates. As mentioned above, the hypothesis of 
arousal deficit and mental retardation is still an open question. The 
majority of studies conducted which have suggested an arousal deficit 
have not used ANS measures of arousal in a task requiring sustained 
attention. The research also has concentrated on simple stimuli which 
have little meaning for the subject, utilizing such things as letters, 
tones, light flashes, etc. Rarely have meaningful, verbal stimuli 


been employed. 
Selectivity 


The most critical symptom of attentional deficit in the mental 
retardate is believed to be his proneness to distraction (Zeaman & 
House, 1963; Luria, 1963). This inadequate inhibition of response to 
task-irrelevant stimuli is postulated to be an important component of 
the behavioral inefficiency of the retardate in tasks requiring 
sustained attention. As in arousal deficit, there is a considerable 
amount of research evidence from discrimination learning studies that 
attending to relevant stimuli (selection) is impaired (Zeaman & House, 
1963). Visual search studies (Spitz, 1969) suggest that the mental 
retardate is an inefficient scanner of visual information. The 
selectivity component of attention and its ability to focus on 
appropriate information depends a great deal on the ability to inhibit 


responses to irrelevant stimuli (distraction). Some studies have shown 
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that the retardate is no more distractible than MA or CA matched 

normals (Crosby, 1972), whereas others have shown greater distractibility 
of retardates (Wolitzky, Hofer & Shapiro, 1972). Therefore, there is 
some question regarding a deficit in the retarded in terms of the 
selectivity component of attention. There is also evidence that the 
attention span or processing capacity component of attention is 
impaired in retardates. Stimulus processing time of necessity affects 
attentional capacity. It has been demonstrated that retardates process 
stimuli more slowly’ than normals (Holden, 1970; Thor, 1971) and thereby 
could be considered to have less attentional span capacity. This, in 
all likelihood, gives rise to the slower RT of retardates when compared 
to CA or MA matched normals. The longer the processing time, the longer 
would be the RT. This study was concerned first and foremost with the 


selectivity component of attention in the mentally retarded. 


Some Theories of Attention Deficit 


Zeaman and House theory 


As mentioned above, Zeaman and House (1963) concluded from their 
studies of the discrimination learning of retardates that they suffer 
from an attentional deficit. Specifically, the retardate is presumed 
to suffer from an inability to attend to the relevant dimension and to 
zero in on the cues of the relevant dimension. 

In a number of visual discrimination learning tasks the performance 
of groups of retarded subjects was compared to nonretarded groups. 

When one examines the slopes of the bakcward learning curves of the 


retarded subjects, the final portions of the curves are not distinguishable 
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from the normal subjects. Thus, Zeaman and House conclude that 
“learning rate is not a particularly important source of variance in 
discrimination learning of the retardates (p. 217)." They suggest, 
therefore, that because the retardates required significantly more 
trials forlearning to begin, the deficit must lie in attention. 

In a more recent paper (Fisher & Zeaman, 1973) the original 
position of attentional deficit has been revised. Zeaman now believes 
that memory or the immediate retentional abilities of the retardate are 
at fault, not their attentional ability per se. He suggests that the 
retardate has a faster short-term memory decay rate and a limited 
capacity for rehearsal. Zeaman now suggests that the deficit in 
retardate learning rate lies "in the domain of memory rather than 


learning, extinction, or attention (p. 251)". 


Stimulus trace theory: Ellis 


Ellis (1963) derived his stimulus trace theory of mental 
retardation from the work of Hull (1952), who hypothesized that when 
a cue and a stimulus are tenuously connected, a stimulus trace is left 
on the cortex, and the trace fades away over time. Ellis found 
retardates to be defective in short-term memory and immediate recall. 
He suggested that the retardate is defective in stimulus trace, i.e., 
there is an inadequate trace being left on the cortex, or as Ellis 
puts it, "loose CNS integration". 

Ellis (1963), as did Zeaman, has since revised his original 
hypothesis of stimulus trace deficit. Ellis (1970), through a series 


of studies involving short-term memory, puts forth the argument that 
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the mentally retarded are deficient in short-term memory and more 
specifically they lack "rehearsal mechanisms" which he claims are 
necessary for one of the storage processes in memory. This process 
assists the transferring of information from primary memory to secondary 
memory to tertiary memory. The evidence cited in support of the 
hypothesis is quite impressive. The primacy-recency effect found in 
memory experiments was the basis for the studies. The primacy 
component, he claims, is related to short-term memory and the main 
component of recency is primary memory. The studies cited indicated 

a lesser primacy effect for the retarded (first items lost from memory 
to a greater extent than normals). Particular evidence was indicated 
for rehearsal deficit in the findings that spacing of items in a 
message facilitated normals' performance and not that of CA matched | 
retardates and normals also indicated that a delay interval after 
stimulus presentation facilitated primacy performance, if the rate of 
presentation had been rapid. Also, verbal reports of normal subjects 
suggested that they were rehearsing, whereas retardates reported 
minimal rehearsal activity. The rehearsal deficit postulated by Ellis 
(1970) has obtained support and elaboration, particularly by Belmont 
and Butterfield (see for example, Butterfield, Wombold & Belmont, 1973). 
There is also the finding that a deficit by retarded Ss in paired- 
associate learning can be eliminated simply by verbal instruction to 


rehearse (Gordon & Baumeister, 1972). 
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‘Attention and the Orienting Response 


The orienting response is one of the basic measures of attention, 
as it is related to the arousal and selectivity components of attention. 
The orienting response, or as Pavlov (1924) called it, the "What is it?" 
reflex, is a response to encounters with informative stimuli. It is 
comprised of a number of components, including such responses as 
increased sensitivity of sense organs, changes in skeletal muscles that 
direct sense organs, EEG and vegetative changes (Lynn, 1966, pp. 2-4). 
The increase in sensitivity includes such things as pupil dilation and 
lowering of auditory threshold. Changes in skeletal muscles include 
overt bodily movements, such as head movement toward the source of 
Stimulation. Vegetative changes include vasoconstriction in the limbs 
and vasodilation in the head, as well as delay in respiration rate 
followed by increase in amplitude and decrease in frequency. The 
galvanic skin response (GSR) increases. Heart rate, according to most 
Western researchers, decreases (deceleration). Considerable controversy 
surrounds the heart rate (HR) component of the OR which will be discussed 
in some detail in a later section of this paper. 

This functionally related system of reactions is believed to 
result from detection of a violation of expected stimulus input, and 
appears to prepare the organism for better reception of stimuli. It 
may occur as an unconditioned response or as a conditioned response to 
signal stimuli, such as a person's name (Stern, 1972). The most 
comprehensive model for the orienting response has been advanced by 


Sokolov (1963, 1969). According to his now familiar theory, the 
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12 
analysis of incoming stimuli takes place in the cortex and upon analysis 
the cortex either excites or inhibits the reticular formation. If the 
incoming stimulus matches an existing “neuronal model" then the cortex 
inhibits the reticular formation and the orienting response is blocked. 
It occurs only if there is a mismatch or discrepancy between the 
existing neuronal model and the incoming stimulus. It would then 
appear that when information is gained which requires analysis, there 


is an orienting response (Sokolov, 1969, p. 702). 
Habituation of the Orienting Response 


Habituation has been defined as response decrement to a repeated 
stimulus (Harris, 1943; prenvcor & Spencer, 1966). It would appear 
that in rang instances the terms habituation, adaptation, accommodation, 
inhibition and extinction are used by different investigators to account 
for the same general phenomenon. Psychologists have shown particular 
interest in this phenomenon because of its importance in inattentive 
behavior (Mackworth, 1969). A complete review of habituation will not 
be given here as Mackworth (1969) provides an excellent one, using 
vigilance task experiments in order to investigate habituation of a 
repetitive event. 

Thompson and Spencer (1966) presented a relatively specific account 
of the general laws that apply to habituation of the orienting response. 
A summary of these general laws is as follows: 

1. Decrease in response was usually a negative exponential function of 
the number of stimulus presentations (faster rate of presentation 


produces a faster habituation rate). 
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2. The response recovers when the stimulus is omitted. 


3. Habituation is faster for weak stimuli, provided discrimination is 
not required. 

4. Habituation of one kind of stimuli may generalize to another of 
similar kind. 

5. The rate of Habreteeren depends on the regularity of the stimulus. 
6. When the stimulus requires a response or a decision as to whether 
or not to respond, habituation is delayed (Sokolov, 1963). In 

such situations habituation may be slower when the discrimination 
is made. 

Habituation, in terms of Sokolov's theory, is associated with the 
development of a "model" of the "stimulus" somewhere within the 
cortex. The model is changed and refined upon repeated application of 
the stimuli. When the "neuronal model" matches the incoming stimuli, 
the cortex inhibits the reticular formation and the orienting response 
is blocked. In view of Sokolov's theory, if one is repeatedly exposed 
to a stimulus, the neuronal model becomes more clearly differentiated 
with regard to all aspects of the stimuli (temporal, spatial and 
intensity). Habituation then occurs more rapidly with a familiar 
stimulus than with an unfamiliar stimulus and/or one which has little 
meaning as a result of possible lack of exposure. Thus, experience 
with the stimuli should be a crucial factor in the rate and amount of 
habituation one observes. 

Much of the research aimed at delineating the characteristics of 
habituation of the orienting response have not controlled for differences 


between an orienting response and a defense or startle response (Davis, 
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14 
Buchwald & Frankman, 1955; Lang & Hnatiow, 1962; Groves & Thompson, 


1970). In some cases stimulus intensities may have been strong enough 
to evoke a defensive reaction. Studies have shown that habituation of 
the orienting response differs markedly from habituation of a defensive 
reaction (Raskin, Kostes & Bevers, 1969), with the defensive reaction 
being much slower to habituate than the orienting response. 

Horowitz (1970) assessed the habituation of cardiac responses of 
6 month old male infants in the presence of both familiar and 
discrepant auditory stimuli. All of the infants displayed progressive 
habituation of the cardiac deceleration response in the presence of a 
repetitive stimulus consisting of ino contiguous tones. 

In a second-by-second analysis of heart rate, Myers (1970) found 
significant deceleration of heart rate to a moderate (70 dB) and loud 
(95 dB) tone in 11 to 13 year old children. The 70 dB tone upon 
repetition displayed significant habituation of the deceleration 
component of heart rate. The results were consistent with Sokolov 
(1960) in that a nonfamiliar stimulus will produce an orienting 
response and subsequent deceleration of heart rate. However, upon 
repetition the loud tones (95 dB) displayed a significant deceleration 
component which resisted habituation. As a result of this study, Myers 
(1970) suggests that Graham and Clifton's (1966) hypothesis that heart 
rate deceleration as a cardiac component of the orienting response 
should be restricted to unfamiliar stimuli. 

The children's responses in Myers' (1970) study differed from the 
adult responses observed by Myers and Gullickson (1967). Both studies 


used the same procedure and stimuli. In their 1967 study the reversal 
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of the 70 dB tones produced reliable cardiac deceleration in the 
adults, but the children did not display this dishabituation on 
reversal. They conclude that the nature of the age differences is 
unclear. The children could conceivably have been less perceptive than 
the adults to the changes in tonal pattern. It is, however, somewhat 
fallacious to look at two different studies and draw conclusions about 
age differences when the environmental situations surrounding each may 
have been quite different. Even though each study was a replicate of 
the other in terms of stimuli and measures, the conditions within the 
studies could have been quite different (atmosphere, experimenter, 
situation, etc.). | 

Lewis, Campbell and Goldberg (1969), dealing with infants (ages 
of 3 months to 3 years), conclude that: 

(a) Response decrement is produced by a redundant visual 
Signal during the first three years of life; and 
(b) the degree of this response decrement follows a 

developmental pattern, with younger infants showing less 

decrement than older infants (p. 30). 
These results are based primarily on visual fixation data although one 
study incorporated heart rate measures. In this study there were no 
significant differences in heart rate deceleration as a result of 
repetition. The heart rate acceleration component also displayed no 
habituation for any of the five age groups (12 weeks, 24 weeks, 36 weeks, 
56 weeks and 68 weeks). 

Bower and Das (1972), in a study of the orienting response to 
words and nonsense syllables of normal and retarded children, found only 
minimal habituation of heart rate where Myers (1969) and Lewis, 


Campbell and Goldberg (1969) had found rapid habituation employing 
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nonverbal signals. In the former study, however, the children were 
much older than the subjects in the two latter studies. 

From the above discussion, it is apparent that there are 
conflicting findings with respect to habituation of heart rate 
component of the orienting response. This contoversy will be discussed 
further in the section on "Components of the Orienting Response". 

Habituation of the Orienting Response 
in the Mentally Retarded 

Luria (1963) has outlined a definition of mental retardation 
representative of the Moscow Institute of Defectology. According to 
Soviet investigators, mental retardation is a result of damage to the 
central nervous system during the intrauterine period or during early 
childhood. All retardates (those with known etiology and those of; 
unknown etiology) are believed to suffer from some neurophysiological 
defect. In an attempt to specify this "defect", Luria (1963) 
investigated the cognitive processes of retarded children as compared 
to "normals". | 

According to Luria (1961), speech begins to regulate simple motor 
acts by the age of 5 1/2 years. He noted that the behavior of the 
retarded child resembles that of a chronologically younger child in 
that verbal instructions do not assume a regulatory function with 
respect to motor behavior. This dissociation of speech and motor 
reactions or "dissociation of the two signaling systems" was interpreted 
by Luria as an indication of underdevelopment or general "inertia" of 
the verbal system. This has been described by Luria as the major 


defect in retarded children. 
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Luria (1963) has also suggested that the mentally retarded child 


cannot maintain an orienting response and that habituation of an 
orienting response is much faster in the mentally retarded than in the 
"normal": "The instability of active attention fundamental to the 
swift extinction of the orientation reflexes in the mentally retarded 
leads to the complex connections formed by him quickly extinguishing 
(Luria, 1963, p. 104)." Luria (1963) also suggests that the mentally 
retarded child is highly distractable and thus his attention span is 
impaired: ". . . the great proneness to distraction of the mentally 
retarded child appears as an inability to maintain his attention 

(p. 104)." Luria has also observed that the usual procedures to 
prevent orienting response habituation by instructions are not effective 
in the retardate. However, a number of studies with retarded children 
suggest that there is not a general defect in the orienting response. 
(Das & Bower, 1971a; Das & Bower, 1971b; Bower & Das, 1972). 

The work of Das and Bower agrees with the more recent writings of 
Luria (1971), who has maintained that habituation of the orienting 
response can be resisted if we instruct the subject to pay attention to 
the stimulus or direct his attention to a response. He describes this 
as regulation of vigilance for which the frontal lobes are specifically 
responsible. Thus, if there is no frontal lobe damage the retarded child 
would display comparable regulation of vigilance performance as the 
normal child when instructions to maintain attention or perform a motor 
response are given. 

Luria's findings of a weak OR in retarded subjects has found 


inconsistent support from Western attempts to replicate his results 
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(Heal & Johnson, 1970). In particular, the faster rate of habituation 


of OR in the retarded child suggested by Luria has obtained virtually 
no support (Elliott -& Johnson, 1971; Baumeister, Spain & Ellis, 1963; 
Tizard, 1968; Clausen & Karrer, 1968). Few erie: have taken into 
account the role of instructional set hypothesized by Luria (1971), 
and there are none that this writer could find that related this to a 
task requiring prolonged attention as found in vigilance tasks. 

In the present study it is planned to explore Luria's suggestion 
that one can produce a resistance to habituation of the orienting 
response of the retarded through the use of instructions, and to 
observe habituation of the orienting response with respect to decrement 
in a vigilance task and normal-retardate differences. One would 
suspect that in a reasonably complex vigilance task utilizing verbal 
stimuli retardates would do poorly without training in the use of bersal 
mediation (Luria, 1963) and/or rehearsal strategies (Fisher & Zeaman, 


1973; Ellis, 1970). 
Components of the Orienting Response 


The unitary nature of tne criernting response is of considerable 
theoretical and practical interest. Soviet paeeerenence such as 
Sokolov (1960, 1963), discuss the components of the orienting 
response rather than the orienting response. Stern (1972) agrees with 
this because of the lack of consistent and significant correlations 
between the different Peneaieuts of the orienting response. Often 
habituation of GSR does not correlate highly with habituation of HR. 


In fact, in some cases habituation of heart rate may be lacking 
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completely, rere GSR will display a definite trend towards 
habituation (Mulcahy & Das, 1973). This phenomenon appears to be 
related to specific task conditions and interaction of these conditions 
with the response systems. This has been described as “situational 
sterotype" by Lacey (1967). It would seem advisable, then, in any 
experiment to look at more than one component of the OR. As a result, 
the evidence thus obtained from different response systems under 


different conditions might complement each other. 
Heart Rate and Galvanic Skin Response 


Heart rate and galvanic skin ere have both been accepted as 
indices of the orienting response. In heart rate two easily identifiable 
components are usually present, i.e., heart rate acceleration and heart 
rate deceleration. The galvanic skin response consists usually of 
frequency and amplitude changes, both reflecting an increase in skin con- 
ductance. Heart rate acceleration and increase in skin conductance have 
traditionally been regarded as indices of both the orienting response 
and emotionality. However, Lacey (1959) has suggested that the control 
conditions or context of the task in which heart rate acceleration and 
increase in skin conductance occur distinguishes the orienting from the 
emotive response. 

Lacey (1959) proposes that deceleration of heart rate indicates 
attention to external events, and heart rate acceleration indicates 
attention to internal events. He describes in some detail the 
relationships between HR and GSR under varying task conditions. When 


the subject's attention is directed towards external events (when 
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environmental stimuli are accepted), heart rate deceleration and an 
increase in skin conductance are observed together. However, when the 
subject's attention is turned inwards (environmental stimuli rejected), 
heart rate accelerates and skin conductance increases. This he terms 
“directional fractionation". A number of studies support his hypothesis 
(Tursky, Schwartz & Crider, 1970; Schwartz, 1971). Porges and Raskin 
(1969) noted that when college students were asked to attend to an 
internal task such as covertly counting their own heart beats, 
acceleration of heart rate occurred. 

Hahn (1973), Elliott (1972) and Obrist, Webb, Stutterer and 
Howard (1970) have all presented critical appraisals of the Lacey 
hypothesis. They criticize the implications that heart rate deceleration 
facilitates certain kinds of sensory-motor performance aceite cally 
reaction time). Studies of reaction time (RT) have noted that heart 
rate deceleration occurs immediately after the warning signal in the 
preparatory period preceding the imperative signal (Lacey, 1967). 
However, Obrist, Webb, Stutterer and Howard (1970) blocked the cardiac 
decelerative response pharmacologically in a group of subjects and 
found that such blockage did not affect their reaction time performance 
relative to a control group. Thus, Elliott (1972), on the basis of 
this and other contradictory evidence, questions Lacey's suggestion 
that heart rate deceleration facilitates sensory-motor performance 
through cortical excitation. 

In one study (Lacey, 1970) the heart rate deceleratory response 
was found to have a high positive correlation with the "contingent 


negative variation" response, which is characterized as a measure of 
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an organism's readiness to respond. Thus, "expectancy" to perform a 
task or detect a significant event seems to be indicated by heart rate 
deceleration. The concept of "readiness to respond" appears to be what 
Denny (1966) refers to when he suggests that the retarded lack the 
ability to produce "self-initiated sets". He suggests that the 
retarded cannot initiate a set or "readiness to respond" as easily as 
the normal, the reason being that the retardate is more "stimulus bound" 
than is the normal, ". . . more at the beck and call of each and every 
stimulus change (Denny, 1966, p. 5)". In a vigilance task, with its 
variety of nonsignal background events, the mental retardate would then 
display more "false alarms" than would the CA matched normal. Also, 
the mental retardate would be expected to display indiscriminate 
orienting response to the stimuli when not carefully instructed to 
attend to the signal stimulus (Luria, 1971) or to rehearse (Ellis, 1970). 
It is well established that central factors control changes in GSR 
and heart rate. Theoretical support is obtained in the work of Sokolov 
(1963, 1965, 1969) on the orienting response. Bernstein (1969) has 
hypothesized that such central control is vital in eliciting the GSR 
and has specifically assoicated it with the assessment of the significance 
of impinging stimuli. In a more recent paper, Bernstein (1975) found 
that consistently greater GSRs are elicited by signals which have high 
significance than by physically identical signals which lack such 
significance. Bernstein (1975) goes on to speculate that any signal 
to which a subject listens may take on alerting qualities. In this 


sense, then, alerting is broadened to mean just listening or "taking in". 
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22 
He suggests that vigilance tasks might elicit a group of “alerting” or 
"taking in" responses whose differences in amplitude reflect the 
significance of what is taken in, and an execute response separate 
from these. Within a vigilance task, then, the nonsignals would 
produce a small magnitude of GSR, whereas the signals would produce 
a greater magnitude of GSR. The imperative signal might produce a 
response separate from these. If the mentally retarded do nar 
apprehend the significance of certain stimuli in a vigilance task, 
then their GSRs should be smaller in magnitude to the more significant 
stimuli than a group of normals. This may assist in delineating 


more clearly deficits in “attention" as was suggested previously. 


Vigilance 


This study will make use of a vigilance task as a method of 
obtaining information with respect to the selectivity component of 
"attention". The reader is referred to books by Broadbent (1958, 

1971) and Mackworth (1969, 1970) for a more comprehensive coverage 
of this area than can be given here. 

Vigilance research is basically concerned with the attentiveness of 
the subject and his ability to detect changes and select a signal stimulus 
in stimuli events over a reasonably long period. There are a variety of 
theories directed towards explaining vigilance behavior. They extend 


through cortical inhibition, signal theory, expectancy, activation and 
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habituation of arousal. All these theories attempt to explain the 
decrement in performance noted as the vigilance task proceeds. The 
decrement in performance includes increase in false alarms and 


‘omissions. 


Inhibition theory 
Mackworth (1950) put forth a hypothesis that the decrement in 


performance observed was due to inhibition, the basic explanation being 
that the highly repetitive and monotonous nature of the task produced 
internal inhibition related to Pavlov (1924) and cortical inhibition. 

One would expect from this explanation that total experimental extinction 
will occur. However, as Frankman and Adams (1962) point out, this is 

not the case. In the vigilance task there is initially an increase in 
false detections which gradually falls off and a level is reached at 
which the increase is noted to stop (Frankman & Adams, 1962). Therefore, 


there appears to be some reluctance in accepting an inhibition explanation. 


Filter theory 


Broadbent (1958) interpreted vigilance in terms of "attention", 
the basic contention being that the subject will select only certain 
stimuli from the situation because of a "limited processing capacity", 
and also because adequate response to one part of the situation is 
incompatible with adequate response to another part. The decrement in 
performance, then, is a function of competition of stimuli. One of the 
factors governing whether or not the source of information would be 
selected was the novelty of the information. Thus, as the task 


progressed there would be periods in which the nervous system would be 
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involved with information other than the task itself and decrement in 


performance would therefore occur. 


Expectancy theory 

The essence of this approach to vigilance is that the response to 
a signal becomes more likely if the signal is more probable, the 
probability being derived from past incidence of the signals (Deese, 
1955). Changes in expectancy would therefore give rise to changes in 
performance as the vigilance task proceeds. Because the events do not 


become more probable, decrement in performance is noted. 


Habituation theory 


Mackworth (1969) discussed the decrements of performance in a 
vigilance task in terms of habituation of neural responses to the 
background events of the task. The decrement is thought to occur as a 
result of habituation of the arousal response and also habituation of 
the evoked potentials produced by the repetitive, continuous or unchanged 
stimuli that constitute the background events of the task. Therefore, 
as a result of the habituation of the arousal response, sensitivity 
decreases, while habituation of the evoked potential will result ina 
decrease of positive motor responses to both background events (false 
alarms) and to the signals (correct detections). 

Considerable evidence is advanced by Mackworth (1969, 1970) in 
support of the argument. Some of these are given below: 

1. Habituation depends on repetition of a stimulus or series of stimuli, 
as does decrement in performance on a vigilance task in terms of 


repetitive background events. 
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2. The rate of habituation is faster with a faster event rate. When 
the background event rate is increased, there is a marked reduction 
in the probability of detection of a signal throughout the task. 

3. Presentation of a different stimulus results in recovery of the 
habituated response. Alternation between visual and auditory modes 
produce considerable improvement in performance. Mackworth (1969), 
in concluding, suggests that ". . . it is better to determine as 
widely as possible the various concomitant changes in the physiological 
and psychological responses of the subject... (p. 198)". 

One study (Das & Bower, 1971a) compared normals and retardates in 

a 30 minute vigilance task using GSR as a measure. The task consisted 

of two signal and four nonsignal words. One of the signal words served 

as a warning signal, preceding the other, which was an imperative signal 
for button pressing. Habituation of GSRs occurred at the same rate for 
both groups. The warning signal, however, evoked a greater number of 

GSRs in the normals than the imperative one. The opposite was the case 

for the retardates. In this study, however, the task of just listening 

for a signal word appeared to be too simple to produce any gradual 
decrement in button pressing. Also, HR was not taken concurrently with 

GSR in the study. As Sroufe (1971) suggests, ". . . time locked cardiac 

slowing is an index of ability to maintain attention (p. 342)". 

Therefore, heart rate should be a very sensitive indicator of task 

demand and interactions of stimulus and response as was suggested before. 

Coles and Gayles (1971) attempted to determine the value of physio- 
logical activity as predictors of performance in a vigilance task. Their | 


study involved 22 male undergraduate students. The task was a one hour 
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vigilance task which required subjects to make a discriminative response 
to the last digit of a sequence of three consecutive odd digits (signal 
sequence), which occurred among a string of random digits from 1 to 9. 
The results indicated that the subjects who reacted quickly and gave 
persistent GSRs to the series of identical stimuli displayed more 
efficient vigilance performance. Also, one measure of habituation and 
overall detection was found to be related. The indication was that 
measures of habituation, i.e., number of trials before three no responses 
(GSRs), was significantly correlated with overall detections (rho = +.461, 

p< .05). However, the physiological measures in this study were not 

taken concurrently with vigilance performance. The difference in task 
demands themselves will confound the results (Lacey, 1959). There is, 
however, some support in this particular study for Mackworth's (1969) 
hypothesis of arousal response habituation and vigilance decrement. 

Other studies have also suggested that habituation of the GSR 
component of the OR and vigilance decrement are related. Skin conductance 
shows a decline during tasks in which decrement occurs (Davies & Krkovic, 
1965; Eason, Beardsall & Jaffee, 1965). Also, Surivillo and Quilter 
(1965) found that the frequency of spontaneous GSRs are greater prior 
to detections than prior to omissions. However, Ross, Dardona and 
Hackman (1959) classified their subjects according to the type of skin 
conductance trend observed (either ascending, descending or cyclical), 
and failed to find any relationships between type of trend and detection 
efficiency. Few of these findings, however, have considered both the 
heart rate component and GSR simultaneously within the vigilance task, 


and few have utilized a mentally retarded population which may be 
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useful in delineating the characteristics of OR habituation and 


vigilance. 
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CHAPTER III 
RATIONALE AND HYPOTHESES 


Rationale 


Numerous studies of "attention" in mental retardation have been 
carried out (cf. Luria, 1963; O'Connor & Hermelin, 1963; Ellis, 1963; 
Zeaman & House, 1963; Crosby, 1972; Das & Bower, 1971). The findings 
to date have been inconsistent. The literature is almost nonexistent 
with respect to studies of vigilance task performance and concomitant 
autonomic responses in the mentally retarded. There have in particular 
been few studies conducted which have specifically taken continuous 
measures of heart rate and galvanic skin response in a vigilance-type 
paradigm utilizing meaningful verbal stimuli. 

Studies which have considered vigilance performance of mental 
retardates have generally found lower levels of vigilance performance 
for the mentally retarded as compared to CA matched normals (cf. Semmel, 
1965; Das & Bower, 1970, 1971). This has been attributed to differential 
patterns of arousal between normals and retardates (Semmel, 1965). 
Clausen (1970) has suggested that the mentally retarded do not control 
their level of arousal to the same extent as normals and that they do 
not anticipate events. He also indicates that the mentally retarded 
cannot muster arousal in preparation for critical moments and are 
therefore more highly dependent on the arousal characteristics of the 
stimuli than are normals. As reviewed earlier, results of studies 
considering arousal differences indexed by basal skin conductance have 
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‘found inconsistent results. Evidence can be mustered for either lower 
or higher levels of arousal depending on the bias of the reviewer. One 
of the most effective paradigms in which to more clearly examine the 
"attentive process" in the mentally retarded would be a vigilance task 
in which a behavioral measure of selective attention could be obtained 
in conjunction with autonomic response measures which may more clearly 
delineate the selectivity and arousal components of “attention”. As 
Sroufe (1971) has suggested: 

The convergence of autonomic and performance measures 

of maintenance of set, distractibility, activity level 

and lability, vigilance and impulse control should make 

it possible to tease apart various components of what 

has previously been called attention . . . studies using 

children with known "attention" deficits, provide a 

fruitful approach to the problem (p. 343). 

This study, therefore, has two specific purposes: 

1. To investigate differences in vigilance performance in retardates 
and normals and the concomitant physiological changes of heart rate 
and GSR as these relate to the selectivity component of "attention". 

2. To explore Luria's (1971) suggestion that habituation of OR in 
retardates can be resisted through specific instructions to attend 
to signal stimuli. 

A secondary purpose is to gather data on the possible relationship of 


habituation of the orienting response and vigilance decrement as sug- 


gested by Mackworth (1969). 


Definitions 


Orienting response 


A system of autonomic, skeletal and other changes involving the 


whole body, which constitute a reliable reaction to the stimulus 
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30 
condition of disparity between a neuronal model and stimulus. The response 
habituates under continuing or regularly repeated presentation of a 


stimulus. Also considered a response in components of HR and/or GSR. 


Component of the orienting response 


Any of the sympathetic, skeletal or sense organ changes (e.g., heart 
rate deceleration, eye movement, galvanic skin response) which is a 
regular constituent of the constellation of responses recorded which 
comprise the orienting response. The components of OR in this study 


were heart rate and the galvanic skin response. 


Phasic response 
A rapid change in a component of the orienting response which 
returns within a few seconds to the original level, and which is a 


response to some change in the environment. 


Tonic response 


A comparatively slower change in a component of the orienting 
response, which persists longer than the phasic response, and which is 


a response to change in the environment. 


Habituation 
Decline in amplitude of the orienting response as a function of 
repeated or continuous presentation of the same stimulus. The decline 


may continue to the point where no response occurs at all. 


Arousal 
A generic term representing a continuous variable which is indicative 
of the state of an organism's psychophysiological activity. Such activity 


may range from deep sleep at one end to extreme excitement at the other. 
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3] 
Vigilance decrement 
Decrease in correct detection of signal stimuli as well as increase 


in false alarms. 


Instructed 


A group of mentally retarded Ss who are required to overtly 


rehearse "MAN BOY MAN Press" throughout the session. 


Noninstructed 


A group of mentally retarded Ss who are not required to rehearse 
but are only given instructions to press a key when they have heard the 


Signal sequence MAN BOY MAN. 


Hypotheses 


The following hypotheses relate to two basic comparisons, i.e., 
normal-noninstructed and instructed-noninstructed. Hypothesis | deals 


with vigilance behavior, Hypothesis 2 with the GSR, and Hypothesis 3 


with heart rate. 


Vigilance performance 


The vigilance task utilized here can be expected to result in a 
lower level of vigilance performance for the noninstructed as compared 
to the normals (Das, 1970; Semmel, 1965). The task is reasonably 
complex and if the theory proposed by Ellis (1970) suggesting a deficit 


in short-term memory in the retardate is correct, then a greater number 
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of false detections for the noninstructed group as compared to the 
normals would be anticipated. The reason for this would be in regard 
to the nonsignal sequences. The nonsignal sequence CAT BOY MAN would 
give rise to false detections as the first word in the sequence having 
been lost from memory the noninstructed retardate presses the key as he 
is unsure of the sequence, but probably remembers the last signals. 

The other nonsignal sequences might also give rise to false detections 
as the noninstructed would press only upon hearing one of the signal 
words, perhaps MAN, as it is the most prevalent signal (appearing twice 
in the sequence). 

On the basis of Luria's (1963) hypothesis regarding the presence 
of a verbal-motor dissociation in the retarded, one would expect the 
noninstructed to also display more omissions (failure to respond to the 
signal sequence) than the normals. 

The instructed group, because they have been instructed to rehearse 
(Ellis, 1970) and/or verbally mediate (Luria, 1971), can be expected to 
perform significantly better than the noninstructed group (fewer 
omissions and false detections). The effect of instructions should 
result in a more selective responding for the retardate with respect to 
signals and nonsignals. 

On the basis of the above, the following hypotheses were formulated: 

Hypothesis 1. The noninstructed group will display a lower level 
of vigilance performance (greater number of omissions and false 
detections) as compared to the normal group. 

Hypothesis 1.1. The instructed group will display a higher level 


of vigilance performance (fewer omissions and false detections) as 
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compared to the noninstructed group. 

Most vigilance studies indicate a decrement in performance as the 
task proceeds (Mackworth, 1969). This decrement is often observed as 
increasing false detections and/or omissions. 

Hypothesis 1.2. All three groups will display a decrement in 


vigilance performance over the session. 


Autonomic responses during vigilance 


The present vigilance task involves a considerable number of 
trials and is reasonably long. One might therefore expect habituation 
of heart rate and GSR to occur in all three groups (Mackworth, 1969). 
However, if one considers Luria's (1963) suggestion of rapid habituation 
of orienting response in the retarded, the noninstructed group can be 
expected to display OR habituation (decrease in per cent deceleration 
of heart rate and GSR) more quickly to the signal sequence than either 
the normals or the instructed group. 

Heart rate deceleration being a highly sensitive indicator of 
sustained attention (Sroufe, 1971), and the suggestion of many writers 
of an "attentional deficit" in the retarded (Zeaman & House, 1963; Luria, 
1963; Meldman, 1970; Wolitzky et al., 1972) indicates that the non- 
instructed would display less heart rate deceleration to the signal 
sequence than the normal group. If the mentally retarded are deficient 
in the selective component of attention, this should be displayed in 
their HR and GSR responses to signal and nonsignal sequences. 

On the basis of the above, the following hypotheses were formulated: 


Hypothesis 2. The noninstructed mentally retarded will display a 
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faster rate of habituation of GSR to the signal sequence than the 
normals. 

Hypothesis 2.1. The noninstructed mentally retarded will display 
a faster rate of habituation of GSR to the signal sequence than the 
instructed. 

Hypothesis 2.2. The normals will display a greater magnitude of 
GSR to the signals as compared to the noninstructed. 

Hypothesis 2.3. The instructed mentally retarded will display a 
greater magnitude of GSR to the signals as compared to the noninstructed. 

Hypothesis 2.4. The instructed mentally retarded will display less 
magnitude of GSR to nonsignals as compared to the noninstructed. 

Hypothesis 3. The noninstructed mentally retarded will display a 
faster rate of habituation of heart rate deceleration to the signals as 
compared to the normals. 

Hypothesis 3.1. The instructed mentally retarded will display a 
slower rate of habituation of heart rate deceleration to the signals as 
compared to the noninstructed. 

Hypothesis 3.2. The normal group will display greater deceleration 
of heart rate to the signals than the noninstructed mentally retarded. 

Hypothesis 3.3. The instructed mentally retarded will display 
greater deceleration of heart rate to the signals as compared to the 


noninstructed. 
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CHAPTER IV 


METHOD 
Subjects 


Two populations were involved in the study, i.e., normal children and 
educable mentally retarded children. The normal children were volunteers 
from two City junior high schools. Children whose school records sug- 
gested evidence of sensory, emotional or organic anomalies or medically 
diagnosed skin conditions were excluded. The records of five subjects 
were not included in the final sample, three due to incomplete data 
and failure in the operation of apparatus and two randomly discarded 
to achieve equal Ns for analysis purposes. The final sample comprised 
15 children having a mean chronological age of 14.1 years (SD = 0.8 years) 
and a mean intelligence quotient of 113 (SD = 8.9) as reported in their 
school records. All subjects were males. 

The EMR children were from a special school in. the City. Initially, 140 
children were identified. The vice-principal of the school and the teachers 
were then interviewed to eliminate those children with suggested emotional 
or sensory impairments. The school records of the children were scanned 
also to eliminate those children with medically diagnosed skin conditions 
or heart problems. Then, letters were sent to their parents or legal 
guardians to obtain written consent for their child to participate in the 
experiment. Five subjects were omitted from the final analysis; .four 
because of movement artifacts and one because of equipment failure. 

The final sample comprised 30 children with IQs between 50-70 with 
a mean IQ of 66.8 (SD = 4.8) and a mean CA of 14.5 years (SD = 0.7). 
30 
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All subjects were males. These 30 children were then randomly assigned 


to two conditions (instructed and noninstructed), 15 Ss in each condition. 
Apparatus 


A Hewlett-Packard model 1500 polygraph was used for recording 
galvanic skin responses and heart rate responses. Three channels were 
utilized: 

1. to measure the galvanic skin responses 

2. to measure the heart rate 

3. to record the audio-signals from the tape recorder. 

Also, provision was made for marking on the polygraph paper when a 
motor response (key press) had been made. This was done automatically. 
The paper ran at a constant speed of 5mm/second, making it possible v6 
determine the temporal location of each stimulus presentation and 
response made. 

To obtain galvanic skin response readings, silver-silver chloride 
electrodes 0.5 inches in diameter were attached to the subject's left 
palm, back of the left hand and a ground placed approximately 8 inches 
from the wrist of the left arm. The heart rate measures were obtained 
from silver-silver chloride electrodes placed on the sternum and the 
third rib on the left side of the body. The flat electrodes were filled 
with Beckman paste and attached by electrode adhesive collars. 

The auditory stimuli and instructions were supplied through a 
speaker on the wall, located above the subject's head. The subject sat 
in a padded chair (leatherette), separated from the experimenter by an 


electrically shielded, soundproof room. Artifacts resulting from 
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movement could be detected from a one-way mirror built into the booth 


and were marked on a subject's record. 
Vigilance Task 


Stimulus materials 

The task used words as signals. It was therefore of a more cognitive 
kind, different from the conventionally used sensory stimuli of tones, 
light flashes, etc. Interspersed between the signal sequence MAN BOY MAN 
and the nonsignal sequences MAN BOY CHAIR, MAN KEY MAN and CAT BOY MAN 
were the nonsignal stimuli CAT, KEY, COW and HEN. The interstimulus 
intervals were 16 seconds to allow for the autonomic measures of heart 
rate and galvanic skin response to be recorded. Figure 1 displays a 
typical block (5 minutes) of stimuli presentation. The complete task was 
prerecorded on tape and was 30 minutes in length. Upon hearing the last 
MAN in the sequence MAN BOY MAN, the subject was required to press a key 
to indicate detection of the signal sequence. The paradigm used in this 
study was similar to that utilized by Coles and Gale (1971), except that 
subjects in their study were required to produce a motor response for 
both stimulus signal and nonsignal and the signal stimulus was a series 


of odd numbers. 


The above material was an adaptation of a complex vigilance task 
utilized by Das (1970). The task in his study consisted of a random 
presentation of the words BABY BOY HAND FOOT TABLE CHAIR and the 
numbers 135 67 9. The signal words were BABY, HAND and TABLE. This 


task resulted in a quite sensitive measure of vigilance between a group 
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of mildly retarded (mean IQ 66.10) and severely retarded (mean IQ 47.85). 
The task utilized in this study was somewhat more complex as ‘the S was 
required to respond to a sequence of signals rather than to one of three 
signals. Also, the nonsignal sequences become quite potent distractors 
of the signal sequence. It was expected, therefore, to differentiate 


the group of normal and noninstructed mentally retarded. 


Instructions 

It was mentioned previously that three groups were involved in the 
study (i.e., a normal group and two groups of mentally retarded subjects). 
The instructions given to the group of normal subjects and the group of 

‘noninstructed mentally retarded subjects were: "You are going to hear a 
series of words; whenever you hear the sequence MAN BOY MAN you are to 
press the key when you hear the last word MAN. Only press the key when 
you hear this sequence, MAN BOY MAN. Do not press for any other. Okay, 
now let's try it." (Subject given a few nonsignal words and signal 
sequence.) If he was right, the experimenter said, "Good, that's right. 
Now let's try another." If the subject pressed incorrectly, the 
experimenter would say, "No" and then repeat the instructions. When 
three consecutive correct responses were made, the experimenter would 
say, “Okay, now I'm going to let you go on your own." 

The ‘instructed’ group of mentally retarded subjects was specifically 
instructed to rehearse (Ellis, 1970) and/or verbally mediate (Luria, 
1963, 1971). The instructions to this group were: "You are going to 
hear a series of words; whenever you hear the sequence MAN BOY MAN you 


are to press the key when you hear the last word MAN. Only press the 
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4) 
key when you hear this sequence, MAN BOY MAN. Do not press for any 


other. Say out loud: MAN BOY MAN. PRESS: MAN BOY MAN. PRESS! Let 
me hear you. Keep saying this over and over all the time you are here. 
MAN BOY MAN. PRESS. Do not stop. Okay, now let's try it." The same 
procedure was then followed as in the last phase of instructions for 
noninstructed and normal groups, 1.e., three consecutive correct 
responses obtained before continuing with the task. As a result of 
these instructions, the mentally retarded group here were expected to 
perform better on the vigilance task than those in the noninstructed 


treatment. (See Appendix G. ) 
Procedure 


The experiment was conducted in an electrically shielded, soundproof 
- room with temperature control of 70°F. The mentally retarded subjects 
from the special school were transported to the University by taxi. 
Normal subjects walked from a junior high school two blocks from the 
University. Eight of the normals participated in the morning and seven 
participated in the afternoon. This was also counterbalanced for the 
two mentally retarded groups. 

When they entered the laboratory, all subjects were given a general 
description of the apparatus and permitted to ask questions about the 
equipment. Following two or three minutes of such discussion, the 
subject was seated in a comfortable reclining leatherette chair with 
wide arms, while the experimenter described the attachment of the 
galvanic skin response and heart rate electrodes. The sites of 


electrode placements were then prepared and electrodes attached. 


mi Av . 
T iy 
' a ~a" 
¥ i ' 
, ~¥ 
‘i 4 ant - 
i t 
f f . Fi 
rh 2 ‘" ‘ 


. / i \ ' . oF a 
amea Sei “Wg cit 2 991 won ext caote a 


alice phat eee fe ‘4 4 4 
YOt. anorvonytenr Fo s2ettq $e st od ar ‘28 bs mor ‘J — 


- ny : 7 
JISTI05 stsgnsheccntantll eit sequen! bene 


ot betoeqxe avew sa quervp babasisy we 


oe ys , 7 ie 
betauvteninon ant nf szodt nent dent sonst igty ont pga 
f = 


(Bebra see), 


; ray 
a@ in) ott 5 b 
covubnuoe .beblside yiispivtoels os af betoubnoo Sew tiombyeqxs 
Son Op 
ziostdue babisiey yvilsinem sat .4°Oh to fertnoo sruss'r9qnas 


ue 


ined yo yJrevevinll sat oF bedsvoqensys stow feoitaa. rion it a 
¢ 


sit mow? 2dz0td owt loorlae iptad wore 6 mort below 2taebdy Bs 
A : ur. ‘ 
besjeqtatixeq efemvon ott to $iota cote ih 
it vot boonalsadyetnuoo o@fs eaw erat .noonredys ott ar betnat: if 
> ~ 

-2QUONR in Ino 


) 4 

feyonsp 6 navip stow etoatdue ifs .yrotsyvods! ais boradne. yond 1 ant 
ont tuods enotieoup Axes oF badd tarveq bas aus 615qq6 only to not: 
OME 
edt ,notzzuzetb dave te zotunim s97ds Yo ows entwoles 


_. Yo 29tte al “anberiaals oi sve01 bas senogenn 4 


% J 


-botoetts ‘ hortoats bas bersqng, nas S19W adnan 


42 
The subject was then given the key in his right hand and it was explained 
that he would be required to press the key after hearing certain words 
over the loudspeaker above his head. In all, a minimum of 10 minutes 
elapsed between PEA RHR of electrodes and the beginning of the task. 
This was the period of time taken for stabilizing the heart rate and 
galvanic skin response readings. The total time taken from the time of 


electrode placement and end of the task was a maximum of 45 minutes. 


Scoring 


Galvanic skin response measures 

Second-by-second conductance change. Difference between mean 
conductance observed at 1 second intervals for the 2 seconds immediately 
preceding stimulus onset and ten 1 second intervals following stimulus 
onset. In this study there were ten different scores obtained for each 
subject for a stimulus. 

Magnitude. Maximum change in (natural) logarithm conductance, 
within the 1 to 5 second period immediately following stimulus onset. 

Frequency. Number of scorable galvanic skin responses. Each 
subject given a score of 1 if the downward pen deflection is equivalent 


to or greater than 500 ohms. Response must occur between 1 and 5 


seconds after stimulus onset. 


Heart rate measures 


Second-by-second BPM change. Difference between the mean beats 
per minute observed at 1 second intervals for the 2 seconds immediately 
‘preceding stimulus onset and the ten 1 second intervals following 


stimulus onset. 
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Per cent deceleration. Percentage decrease in heart pes 
% decrease = 100 x (prestimulus beats per minute,.less the mean of the 
two lowest beats per minute in the next 5 seconds. This is then 
divided by the prestimulus beats per minute). (See Appendix A, p. 144.) 
Per cent acceleration. Percentage increase in heart rate: 
% increase = 100 x (highest beats per minute between fourth and tenth 
second following stimulus-prestimulus beats per minute) / prestimulus 


beats per minute. (See Appendix A, p. 144.) 


Vigilance performance 

thisesstiage Failure to press the key after hearing the imperative 
Signal MAN in the signal sequence MAN BOY MAN. 

False detection. A key press for the signal MAN in any position 
other than that for the imperative signal MAN in the signal sequence 
MAN BOY MAN. 

All data from the galvanic skin and heart rate response recordings 
were manually scored in terms of the definitions listed above. 
Data were scored for all signal and nonsignal sequences. The response 
measures were transferred to punched cards and then to magnetic tape 
for analysis. 
The measures of galvanic skin response for each subject were: 
1. Ninety frequency scores, one for each stimulus in the signal and 
nonsignal sequences. 
2. Ninety magnitude scores, one for each stimulus in the Signal and 


nonsignal sequences. 
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3. Ten conductance change scores, for each stimulus in the signal and 
nonsignal sequences (900 in total). 
4. Ninety mean prestimulus conductance level scores, one for each 
stimulus in the signal and nonsignal sequences. 
The measures of heart rate response for each subject were: 
1. Ten beats per minute change scores’ for each stimulus in the signal 
and nonsignal sequences (900 in total). 
2. Ninety 2 deceleration scores, one for each stimulus in the signal 
and nonsignal sequences. 
3. Ninety % acceleration scores, one for each stimulus in the signal 
and nonsignal sequences. 
4. Ninety mean prestimulus heart rate level scores, one for each 
Stimulus in the signal and nonsignal sequences. 
The vigilance performance measures for each subject were: 
1. Number of false detections for each five-minute block of time. 
2. Number of omissions for each five-minute block of time. 
3. Total number of false detections over the session. 


4, Total number of omissions over the session. 
Rationale for Response Measures 


There is a continuing debate concerning the most appropriate 
measures for many of the physiological responses. As far as the galvanic 
skin response is concerned, the common practice is to measure the ampli- 
tude of GSR (Darrow, 1964, 1967; Haggard, 1949; Martin, 1964). Magnitude 
was preferred to amplitude in this study because amplitude is considerably 


affected by missing scores which tend to occur with habituation. 
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Magnitude, because it takes into account zero responses in reaching 
a mean, would therefore be a more sensitive measure than amplitude, 
which ignores. zero responses. 

Prokasy and Kumpfer (1973) in their discussion of GSR measurement 
Suggest that it is most appropriate to obtain more than one measure of 
GSR in order to examine relationships which may exist among the different 
measures. The measures therefore used in this study were frequency 
magnitude and second-by-second conductance change. 

A second-by-second analysis of conductance change was taken in 
order to look at the Hesnena rin relations existing between galvanic skin 
response and the experimental manipulations. Graham and Clifton's (1966) 
discussion of heart rate analysis points out the importance of looking 
at second-by-second and trial-by-trial heart rate changes in order fa 
elucidate the meaningful relations between heart rate change and the 
experimental variables. This could also be said of the galvanic skin 
response measures. 

One difficulty surrounding heart rate and GSR measures is the 
problem stated in the "Law of Initial Values" (Lacey, 1959). The "Taw" 
states that response to an excitatory stimulus decreases and responses 
to an inhibitory stimulus increases as the level of activity of 
stimulation increases. This seems to mean that whether stimuli generally 
evoke heart rate acceleration or generally evoke heart rate deceleration, 
the change from high prestimulus levels will be negative. However, 
Graham and Jackson (1970) studied this phenomenon in some detail. They 
Suggest that when the only interest lies in the direction of heart rate 


change, it usually proves satisfactory to use unadjusted difference 
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46 
scores. As the present study was concerned primarily with the direction 
of change, i.e., heart rate deceleration and acceleration, it does not 
. seem inappropriate to use the unadjusted difference score as one of the 
measures of heart rate. However, this was checked further in the 


analysis to detect possible group prestimulus differences. 


Tonic vs. phasic measures 

Sokolov (1963, 1965, 1966) distinguishes between two phases or aspects 
of the orienting response: 
1. phasic response 
2. tonic response. 

The phasic form of the response is related to a “rapid activation 
of the analyzers in response to change in the environment (Sokolov, 1965, 
p. 143)". It is brief in duration and develops rapidly. The tonic 
reaction is slower in development and persists for a longer period of 


time, and is not clearly manifest externally. 


The present study used both phasic and tonic measures of the orienting 
response to allow for examination of both the rapid changes occurring 


and the slower, more gradual changes observed in the tonic responses. 


Materials Utilized to Minimize Electrode Polarization 


The techniques utilized to reduce electrode polarization in this 
study followed those suggested by Martin (1964): 
1. A two-element electrode was utilized (one to carry the constant 
current, the other to act as a voltage probe. 
2. Beckman electrode paste, consisting essentially of NaCl, was used. 


3. Electrodes were constructed of silver-silver chloride. 
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CHAPTER V 
VIGILANCE PERFORMANCE: RESULTS AND DISCUSSION 


The vigilance performance of Me tiree groups (normals, instructed 
and noninstructed) was evaluated using the number of fade detections and 
omissions as the dependent variables. The 30-minute vigilance performance 
was divided into six five-minute blocks in order to observe changes in 
performance as a function of time on task. False detections were marked 
for an S if he pressed the key for the signal word MAN in any position 
other than at the end of the signal sequence MAN BOY MAN. There were six 
possible Falee detections per block. Omissions were scored if the S 
failed to press the key after hearing the imperative signal MAN at the end 
of the signal sequence. There were 12 possible omissions over the total 
session, with two possible omissions in any one block. 

The noninstructed were expected to display a greater number of false 
detections in the vigilance task than either the normals or instructed 
(Denny, 1966). Differences in performance with respect to numbers of 
omissions were also anticipated (i.e., the noninstructed group committing 
more errors of omission than either the normal or instructed groups) 
(Luria, 1963). 

The block-by-block numbers of false detections and omissions, as 
well as the total errors for each group, are presented in Tables la and b. 
It was quite evident that the noninstructed group displayed greater 
numbers of omissions and false detections as compared to the normals. 


The data for the normal group did not allow for statistical analysis to 
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Table la 


Total Number of False Detections in Vigilance 


ew a 


Blocks (5 min. each) 


Group ] Z 3 4 5 GO. Total 
Normal 0 0 | 0 ] 2 4 
(N =,15) 

Noninstructed 262 P25*Or27 20% <20par22 140 
(N = 15) 
Instructed fe SOR aa 10 15) 9 58 
(N = 15) 

Table 1b 


Total Number of Omissions in Vigilance 


en a es 


Blocks (5 min. each) 


Group ] 2 3 4 5 6 Total 
Norma | 3 ] | 0 | 0 5 
(N = 15) 

Noninstructed 10 13 Br 0) , 59 
(N = 15) 
Instructed 2 ] 2 3 4 6 18 


(N = 15) 
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49 
be performed with this group as there was a ceiling effect evident for 


the task. The ease with which the normal group performed on the task 
is quite evident, as they made only four false detections and five 
omissions in total over the entire session. The noninstructed group, 
on the other hand, scored a total of 140 false detections and 59 
omissions over the session. This supports the results obtained 
previously, which indicated that mentally retarded subjects 
displayed inferior vigilance performance as compared to normal 
Subjects of equivalent chronological age (Semmel, 1965; Das & Bower, 
1971). | 

Do instructions to rehearse the signal sequence have an effect on 
the performance of the mentally retarded in a vigilance task? This 
question was answered utilizing 2 (groups) x 6 (blocks) ANOVAs with 


the last factor repeated. The dependent measures were false detections 


and omissions. 


The results of these analyses are shown in Tables 2a and b. The only 
Significant effect was that obtained for omissions (F = 7.58, df = 1/28, 
P < .025). The noninstructed group made a significantly greater number 
of omissions over the total session as compared to the instructed group. 
The means for the instructed and noninstructed groups were 0.200 and 0.656, 
respectively. Thus, the instructions resulted in fewer errors of omission 
for the mentally retarded group. There was no significant effect for 
false detections observed, although a trend was evident (F = 3.38, 
df = 1/28, P < .08). It would appear that the instructions had the 
effect of focusing the instructed group's “attention" more closely on 


the imperative signal MAN in the signal sequence. As a result, they 
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Table 2a 


ANOVA for Instructed vs. Noninstructed: 
Number of False Detections over Blocks 


Source df MS iz P 


Between 
Groups ] 37.330 Oesc NS 
Error 28 11.04 
Within 
Blocks 5 O225 0.41 NS 
Blocks x groups 5 0.69 ee NS 
Error 140 0.62 
Table 2b 
ANOVA for Instructed vs. Noninstructed: 
Number of Omissions over Blocks 
Source df MS F Pp 
Between . 
Groups 1 9.34 7.58 =.025 
beror 28 aS: 
Within 
Blocks 5 9.07 0.24 NS 
Blocks x groups .) 0.45 1.50 NS 


Error 140 G30 
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made fewer errors of omission. This is quite speculative at this point; 
however, it may become much clearer in the following chapter in which 


autonomic responses of the groups to the signal sequence are discussed. 


Contrary to many vigilance studies, there was little evidence in this 
Study for a decrement in vigilance performance over the task. Mackworth 
(1969) has cited a great many studies in which an increase in omissions 
and a decrease in false detections were observed. The task here 
appeared too easy to produce a decrement in vigilance performance in 
the three groups. Other investigators, however, have noted little or 
no vigilance decrement when utilizing mentally retarded subjects and 
complex signals and nonsignals (Das, 1970; Das & Bower, 1971). 

It is interesting to éte that there were virtually no key presses 
for responses to the stimulus CHAIR in the nonsignal sequence MAN BOY 
CHAIR. The greatest number of false detections occurred for MAN in the 
nonsignal sequence CAT BOY MAN (14 for the instructed group; 38 for the 
noninstructed group). The noninstructed group also tended to press for the 


signal MAN regardless of position. 


Discussion 


The above vigilance performance findings support Hypothesis 1 which 
predicted that noninstructed subjects would display poorer vigilance 
performance than the normals. The noninstructed group displayed both 
greater numbers of false detections and omissions as compared to the 


normals. There was partial support obtained with respect to Hypothesis 1.1 
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which predicted that instructed subjects would display fewer omissions and 
fewer false detections than the noninstructed group. The instructed did 
evidence significantly fewer omissions as compared to the noninstructed 
group. False detection differences, however, did not differentiate the 
two groups clearly. A trend was evident, although this did not reach 
Significance in the.analysis. | 

Throughout the session there was no evidence of a decrement in 
vigilance performance. There was therefore no support here for 
Hypothesis 1.2 which predicted that there would be a decrement. 

Instructions to rehearse the signal sequence did increase the level 
of performance of the mentally retarded group as they displayed fewer 
errors of omission. If this was partially a function of focusing the 
instructed group's "attention" on the signal sequence and in particular 
the imperative signal MAN, then this should be confirmed in the 
autonomic measures of GSR and HR, which are examined in the following 
chapter. The results of those analyses may make clearer the reasons 


for the performance differences obtained here. 
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CHAPTER VI 


AUTONOMIC RESPONSES TO SIGNAL STIMULI DURING VIGILANCE: 
RESULTS AND DISCUSSION 


Galvanic skin responses and heart rate responses were recorded 
during a Vigilance task which required detection of the signal sequence 
MAN BOY MAN. Ss were required to press a key in response to the impera- 
tive signal MAN to indicate detection of the sequence. The dependent 
measures for GSR were frequency, magnitude and conductance change over 
seconds (10 seconds poststimulus). For heart rate the measures were 
second by second beats per minute (BPM) change from prestimulus level 
over the 10 seconds poststimulus, % deceleration and % acceleration of 
heart rate from prestimulus level. These measures were scored for all 
Signal and nonsignal sequences. To elucidate changes in GSR and HR res- 
ponses with repetition, the task was divided into six five-minute blocks 
of time with the three nonsignal sequences and two signal sequences 
embedded randomly in each block. 

In an attempt to achieve maximum clarity in the presentation of 
results and to avoid redundancy, the results of analysis for the nonsignal 
sequences and some specific signal vs. nonsignal comparisons are given in 
a separate section. Findings which have relevance for certain aspects of 
the study are incorporated into the results section of particular measures. 

The major interest with respect to this study was in the 
“response of the three groups to the signal sequence MAN BOY MAN. A 
number of questions were raised previously with respect to the three 


groups. In brief, the major questions with regard to the OR data were: 
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1. Does the orienting response to a signal sequence display a decrement? 

2. Do the mentally retarded display a greater OR decrement to the 
Signal sequence than normals? 

Cit Ba) instructions to rehearse the signa! sequence increase the levels 
of the mentally retarded's autonomic responding to the signal 
sequence, particularly to the imperative signal MAN? 

4, Do the mentally retarded's ORs to signals and nonsignals display a 
lack of selectivity in attention to significant signals? 

The first three questions were examined utilizing the response data 
for the signal sequence MAN BOY MAN. The results of these analyses for 
GSR will be given first. Normal and mentally retarded comparisons will 
be followed by the instructed and noninstructed comparisons. The results 


of the HR analysis will follow the same format. 
Prestimulus Levels of Galvanic Skin Response and Heart Rate 


The prestimulus level of GSR and heart rate may affect the magnitude 
of response obtained for a stimulus (Graham & Jackson, 1970). In order 
to be assured that there were no initial group differences in autonomic 
responsivity, the prestimulus levels for the signal sequence for the 
three groups was subjected to a 2 (groups) x 6 (blocks) x 3 (stimuli) 
ANOVA with the last two factors repeated. No overall Significant main 
effect for groups was obtained (see Appendix B, p. 146). 

There was however an increase in prestimulus skin conductance 
levels to the signal sequence over the blocks (F = 4.96, df = 5/104, 
P < .01) for normal and noninstructed groups; this is a somewhat unusual 


result (see Figure 2). The instructed-noninstructed comparison also 
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Fig. 2. Mean Loge prestimulus skin conductance levels for 
Signal sequence over blocks (collapsed over signals) for all groups 
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57 
yielded a block effect (F = 3.94, df = 5/140, P < .025), supporting the 
trends observed in Figure 2. 

The typical finding has been a decrease in skin conductance level 
(Mackworth, 1969). However, Ross, Dardano and Hackman (1959) and Dardano 
(1962) have reported that a generally high skin conductance level is 
associated with little or no decrement in detection performance over 
time. There is also the finding that when the signal is easy to detect, 
an increase in arousal as measured by adrenalin is indicated (O'Hanlon, 
1964). 

In summary, the only significant effect obtained with respect 
to the prestimulus heart rate and skin conductance levels was an increase 
in skin conductance over time for all three groups. The heart rate 
analysis yielded no significant results. Differences that might be ~ 
obtained between groups in the phasic GSR and heart rate analyses 
thus would not appear to be a function of prestimulus level differences 


of the groups. 


Galvanic Skin Response Results 


Normal vs. noninstructed comparisons 

The following normal vs. noninstructed comparisons with frequency, 
magnitude and second-by-second conductance change as the dependent 
variables were carried out to test Hypothesis 2.0 which stated that the 
noninstructed would display a faster rate of habituation of GSR to the 
signal sequence than the normals. Also examined with the data here was 
Hypothesis 2.2 which predicted that normals would display a greater 


magnitude of GSR to the signals as compared to the instructed. 
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sequence MAN BOY MAN was analyzed in a 2 (groups) x 6 (blocks) x 
3 (stimuli) ANOVA, the last two factors being repeated. Table 3 presents 
the results of this analysis. As expected, a decrease of frequency of 
GSR response occurred over the six blocks (F = 3.01, df = 5/140, P < .025). 
The means for the six blocks collapsed over groups and stimuli were: 
0.70, 0.62, 0.52, 0.51, 0.49, and 0.48. Habituation of frequency of GSR 
response was therefore evident for both groups. Differences with regard 
to habituation of GSR frequency of response between the mentally retarded 
and normal groups were not evident. 

The imperative signal MAN in the sequence gave rise to a greater 
frequency of GSR response for the two groups (F = 9.63, df = 2/56, 

P < .001). The mean response frequencies to the three stimuli arrange 
themselves in an order relative to the importance of each (0.48, 0.49, 
0.69 for MAN BOY MAN, respectively [collapsed over groups and blocks]). 
The mentally retarded responded in a similar manner to the normals 

(i.e., with greater frequency of response to the imperative signal MAN 

in the sequence), even though they had many more omission errors for this 
Signal than the normals. 

Magnitude. The log, (x + 1) magnitude conductance change measure 
for the MAN BOY MAN signal sequence was analyzed utilizing the identical 
format as that described for the frequency data. The results of the 
ANOVA for this analysis is presented in Table 4. Figure 3 presents the 


group means collapsed over stimuli for groups. 


The block main effect (F = 2.30, df = 5/140, P < .05) indicated 
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Table 3 


ANOVA for Normal vs. Noninstructed: 
MAN BOY MAN signal sequence; frequency 


Source df MS F P 
Between | 
Group ] 0.31 0.30 NS 
Error ae: 28 TUS 
Within 
Blocks 5 On 70 3.0] S05 
Blocks x groups 5 0.34 1.48 
Error 140 We2o 
Stimuli 2 2.48 9.63 <.001 
Stimuli x groups a Gero 1.00 NS 
Error 56 0.26 
Blocks x stimuli 10 0.08 0.49 NS 
Blocks x stimuli x groups . 10 0.20 1.26 NS 
Error 280 She ke 
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Table 4 


ANOVA for Normal vs. Noninstructed: 
MAN BOY MAN signal sequence; magnitude 


Source df MS 
Between 
Group ] 0.66 1/50 
Error 28 0.44 
Within 
Blocks 5 O21] 2.30 
Blocks x groups 5 Oli Lao 
Error 140 0.05 
Stimuli 2 IS 7 ei. 28083 
Stimuli x groups 2 O57 5.36 
Error 56 OE 
Blocks x stimuli 10 0.04 0.97 
Blocks x stimuli x groups 10 0.02 0.40 
EEGon 280 0.04 
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Fig. 3. Mean Loge magnitude of GSR to signal sequence over 
blocks (collapsed over signals) for all groups 
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63 
that habituation of magnitude of response occurred from the first to 
the second block, then increased on the fourth and fifth. The means for 
the six blocks collapsed over groups and stimuli were: 0.26, 0.17, 0.17, 
0.18, 0.20, 0.17. Because of irregularities observed on the fifth and 
sixth blocks, an analysis was carried out on the groups utilizing the 
first four blocks only. The results of this analysis are presented in 


Table 5. 


The block main effect obtained here (F = 3.99, df = 3/84, P < .025) 
indicates a significant decrement in responding from the first to the 
second block. The means were 0.26, 0.17, 0.17, 0.18 for the four blocks. 
The blocks x groups interaction supports the trends observed in Figure 3. 
The noninstructed decreased the magnitude of their response greatly from 
the first to the second block, whereas the normals displayed a slight 
decrement but quickly regained their initial magnitude of response. 

This may be indicative of faster habituation on the part of the mentally 
retarded subjects. 

The magnitude measure analysis follows that for the frequency 
analysis in that there was a greater magnitude of response given to 
the imperative signal MAN than to the first MAN or BOY in the sequence 
(F = 10.11, df = 2/56, P< .001). The means for the three signals 
collapsed over blocks and groups were 0.14, 0.17, 0.28 for MAN BOY MAN, 
respectively. The normal group also dispiayed a greater magnitude of 
response for the imperative signal MAN than did the noninstructed (see 
Figure 4). The stimuli x groups interaction yielded an F = 4.72; 


with degrees of freedom at 2/56, the probability was < .01. 
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Table 5 


ANOVA for Normal vs. loninstructed: 
MAN BOY MAN signal sequence, magnitude in first four blocks 


Source df MS F A 
Between 
Groups 1 0.50 157 NS 
Error 28 Ow a7 
Within 
Blocks é 0.18 eee) =7 025 
Blocks x groups 3 O eek Ceol S705 
Stimuli 2 Osim PLO] <.001 
Stimuli x groups Z 0.29 Ade <.025 
Error 56 0.06 
Blocks x stimuli 6 0.01 0.20 NS 
Blocks x stimuli xX groups 6 0.02 U5) tS 


Error 168 0203 
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Fig. 4. Mean Log, magnitude of GSR to signals in signal 
sequence (collapsed over blocks) for all groups 


Normal ate cationic enema 
Mentally retarded instructed —— 6 eee ee 


Mentally retarded noninstructed —— wm mee 


wa8 


40 


=) 
~ 


(>) (23) 
NS i 


(SoywourtW) YS) 4o apnaLubey (, + x) 7604 


Stimuli 


i” * 
; : 
" 
is 
i ‘ 
i . bd 
q + 
* 7 
4 q 
“owe! 
on 
t 
a 
mal 
up} 
™ 


es ae By at (oR to ‘gnats nS 4gnat 
sequence (CO) Vapeed ova ine ah SHOUD ae 


1.) ae 
x robe nies ae 
Hentatly vetarded instructed  —— « mei me 
Mentally retarded foni na tracted 


o/ 

Second-by-second conductance change. The GSR second-by-second 
conductance change in micromhos for the 10 seconds poststimulus were 
analyzed ma 2 (groups) x 6 (blocks) x 3 (stimuli) x 10 (seconds) 
ANOVA with the last three factors repeated. The results are given in 
Table 6. Figure 5 presents the main GSR responses for the three groups 
collapsed over blocks. Figure 6 presents the means for the groups over 
blocks. 

A differential rate of habituation for the three stimuli was 
evident (see Figure 6). The response to the first MAN in the signal 
sequence essentially donne no response level by the fourth block for 
both groups. The resdonse to the signal BOY disnlayed more inconsistent 
results, perhaps as a result of the position of importance it played 
in the sequence (i.e., a warning signal). It is evident that the | 
imperative signal MAN in the sequence resulted in essentially no 
habituation of the GSR response for the noninstructed and normal Groups. 
even though the noninstructed group made a great many nore errors of 
omission in the vigilance performance results. The differential rate 
of habituation of the three stimuli is supported by a blocks x stimuli 
inteviaction GEtSnee02, df = 10/280, P = .01).8as well’ads theéblocks 
stimuli x seconds inceraction (F = 2.0L, dt = 90/2520, P<" 2001). 

The lack of habituation of the GSR reszonse evident here for the 
imperative signal MAN may be taken to be a function of key pressing for 
this signal (which results in a return of OR). lowever, although this 
may have some effect, it would seem more adpropriate within the context of 
this task to attribute the effect to acertain extent to the greater deqree 


of signal meaning this particular stimulus had for the two groups. The 
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Tabie 6 


ANOVA for Normal vs. Noninstructed: 
MAN BOY MAN signal sequence; sec x sec GSR 


a ne ee ei en eee 


Source df MS fe p 
Between 
Groups ] aya ear oes NS 
ERFOr 28 1.48 
Within 
Blocks 5 O.96e Vout S NS 
Blocks x groups | | 5 Oneonn IZ" NS 
Error 140 0.45 
Stimuli 2 4708" 640: 2 re 0 
Stimuli x groups 2 59 . 80 iS 
ERrOr 56 0.74 
Seconds 9 ie ee ten 5 leer Oo 
Seconds x groups 9 Qreliour 14 a NS 
Error Loe 0.09 
Blocks 3¢.s Ginula 10 eae? 32025. 291 
Blocks x stimuli x groups 10 0.26 0.64 MS 
Boron: 280 0.40 
Blocks x seconds 45 OOK 1269 0] 
Blocks x seconds x groups A5 0.04 0.94 NS 
Error 1260 0.04 
Stimuli x seconds 3 0.26 ATO CeO 
Stimuli x seconds x groups 18 O02)» Oh.36 iS 
Error 504 O06 
Blocks x stimuli x seconds 90 Os05: 2508 ' 2 aod 
Blocks x stimuli x seconds x groups 90 O02. 7 (0566 NS 


Error 2520 0.03 
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Fig. 5. Mean GSR sec x sec conductance change (collapsed over 
blocks) to signal sequence for all groups 
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Fig. 6. Mean GSR sec x sec conductance change over blocks 
to signal sequence for all groups 


Normal cisiatsinciedattincenenees 


Mentally retarded instructed scuemraaees — saeeaue  aa 


Mentally retarded noninstructed ——— ee 


72 


9 49018 S 49018 b 00718 € 49018 2 49018 | 49018 


“WHS JSOq S9eS “WHS 4S0d *$998S ‘WHS 4SOd “S998S “WHS $SOqg “S98S “WHS 4SOdg $9aS WHS }$SOqd $998S 
pee oe eels OUST 8 eo Sb S-7 Olen e 1 9 Gb 5 et S:-O1.6:8 uv gne & Get" Ole bal-S Gap as a6e2L9GS vez18 


NVW © S3SNOdS3H YS 9 


9 "D078 S$ y901¢8 bv D018 ¢ WD0718 ¢ X9018 | 49078 
“WHS |SOg S9eS WIS }SOq S086 WIS 4SQq $daS WHS |SOqg sodas “WHS }SOq “S0aS ‘WHS 4SO0q “$9as 
o6si9gcre2iS OMSr el9MG b crc cles oé6ée29¢%¢218S OlnGa8) -2a9NGey oon Ols6 NOU eGe race utcS O6 (Sar 9) a Rpac. cai eS 


c10= 
re 2 ek Vo- 

ae . = Ae oe Zo ee ‘ 

ae Ss ec ee Soe ee = es ; 
a a = —_ aS —— = ——— — = ——— : 00 
10 
AO@ 9} SASNOdS3SY Y $9 
9 9018 ¢ yO018 ¢v 49018 ¢ X0018 < 40018 | X90718 
WHS 480d “S98S WHS 480g “S98S “WHS $SOq $93S “WHS $SOg “S98 “WHS }SOq $d9S WI}S 4SOq $998S 


S 


O6é 829Gb E2Z o6es29sereziS o6sr9see21S o68z9sbreziS Cl Gaye SY Pe A TS OS eh a Sa eS 


\ ¢0- 


Z2O- 


NVW © SAHSNOdS3Y YS '9 


(SOYWOSIN) SONVHD SONVLONGNOD YS’9 


Cheha) Geareenes? @eatasbes | “Weatae 
a wes hs i a3 2 2 te0% so0t : se. tee 


408 of “PROMOTE 


a 


i 
2 
‘ 
ad 
7 


Beetaeeret ic GHheSetreartSis GBS ‘Rip Es VA F* > S&E£ ETS ® * 2 Pen e 5 ind me 
oa = . so acae ae P “y P < 4.03 a ~ teas e582 : ‘ —- i ~si 


- 5 > = = G 
oa] = fate Seo sose | me feed sce aie tab 3582 (eae. SEEN e53c eee mini e 
1 Sh RT ERS OL ones = ies Ne ee tek eee fe : 2 7 
si gee = war wor eo wit * © we515 i. as 7 a 
2 RCI Cc AVS > OE _ = #2038 $ ADS {3708 * 7 — 
~ = oe 
- aie - 


73 
response required in this study was a Simple key press which was not 
effortful. Therefore, one is more likely to attribute the change in 
GSR to the components in the task (Bernstein OUd lan 9/54 BbStein sete al. 
1975) ‘ae 

The mean GSR conductance changes (micromhos) for the three stimuli 


again arranged themselves in order relative to the importance of each 


(-0.036, -0.063, -0.136 for MAN BOY MAN, respectively). The main effect 


TOC SLIM Was Sianiricant (F = 6208. sat = 12/56. Pos 20). Thais 


follows closely the results in the frequency and magnitude analysis. 


The results of this analysis fail to support the prediction that 
the noninstructed would display a faster rate of habituation of GSR. 
Some support for the prediction of a greater magnitude of GSR to signals 


for the normal group as compared to the noninstructed was obtained. 


GSR: Analyses of instructed vs. noninstructed treatments 

The purposes of the comparisons reported here were to determine if 
instructions to rehearse the signal sequence would affect the mentally 
retarded's autonomic responses to the signal sequence. 

It was anticipated that the instructions would result ina greater 
GSR responsiveness to the signal sequence, particularly the imperative 
Signal MAN. Also, it was anticipated that the noninstructed group would 
display a faster rate of decrement (habituation) of GSR as compared to 
the instructed (Luria, 1963). 


The analyses for the instructed vs. noninstructed GSR data 
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comparisons were identical in format to those carried out for the 
previous normal vs. noninstructed comparisons. 

Frequency. The results of the ANOVA for this dependent variable 
are given in Table 7. As was found in the previous frequency of GSR 
analysis, a decrement in response frequency over blocks was evident 
(P= 6.10. dti= 57140, P= 01)? the means for the six bldcks 
(collapsed over stimuli and groups) were 0.72, 9.53, 0.46, 0.46, 0.44, 
and 0.48. Contrary to expectations, there was no differential rate of 
decrement of GSR frequency indicated for the two croups. Instructions 
to rehearse the signal sequence had basically no effect with resnect 
to frequency of responding. 

As before, the stimuli gave rise to different levels of GSR 
frequencies (F = 6.09, df = 5/140, P <.001). The imperative siaqnal 
resulted in a greater frequency of GSR responses. The nieans (collansec 
over blocks and groups) for the MAN BOY MAN signal sequence were 9.42, 
0.44 and 0.66, respectively. Group differences were not evident. 

Magnitude. The analysis here followed an identical format to the 
Log, (x + 1) magnitude analysis for the normal vs. noninstructed 
comparison. The results of this analysis for the four blocks is given 
Io pare .G. 

Again, there was a blocks main effect indicating a rapid decrement 
in magnitude of response from the first to the second block (F = AL87, 
df = 3/34, P 2.001). ihe means«for the four blocks were 0.2/, 0.16, 
0.14, and 0.13. There was a somewhat consistent decline in magnitude 


of response evident which was probably due to the more gradual decline 
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ANOVA for Instructed vs. Noninstructed: 
MAN BOY MAN signal sequence; frequency 


Source df MS F P 
between 
Groups ] O23) 29 NS 
Error 23 ye 6) 
Within 
Blocks 5 1.19 6.10 2:01 
Blocks xX groups 5 0.42 pSalleas 
Error 140 0.19 
Stimuli 2 3.05 13.04 <$.001 
Stimuli x grouns Z 0.46 legete NS 
Error 56 OF23 
Blocks x stimuli 10 ky 1.01 NS 
Blocks x stimuli x groups 10 0.10 0.62 NS 


Error 260 OF 
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Table 8 


ANOVA for Instructed vs. Noninstructed: 
MAN BOY MAN signal sequence; magnitude in first four blocks 


Source df MS fe p 
Between 
Groups 1 0.09 0.47 nS 
EVKOr 28 0.20 
Within 
Blocks =) O37, 70] <,901 
Blocks xX groups 3 0.08 Paro 
Error 34 0.05 
Stimuli 2 0.65 9.71 <,00] 
Stimuli xX groups 2 0.36 5.49 eu 
Error 56 0.07 
Blocks x stimuli 6 O03 0.62 NS 
Blocks x stimuli x groups 6 0.04 0.78 NS 


Error 168 oe 05 
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| ie 
of the magnitude of response for the instructed group. This occurred 
from blocks one to four (see Figure 3). 

The stimuli main effect (F = 9.71, df= 2/56,°P <.00T) again 
indicated a greater overall magnitude of response for tne imperative 
signal MAN. The means for MAN BOY MAN signal sequence (collapsed over 
groups and blocks) were 0.14, 0.13 and 0.26, respectively. The 


noninstructed group also responded with a creater magnitude cf resnonse 


to ‘the imperative signal MAN than the instructed croup. There was, 
however, a stimuli x groups interaction (F = 5.49, df = 2/56, P < .01). 
The instructed group responded Similarly to the normals in giving a 
greater magnitude of response ta the imperative signal MAN than did the 
noninstructed group (see Figure 4). The results for the magnitude of 
response analysis here followed closely the results obtained for Hel 
normal vs. noninstructed comparison. 

Second-by--second conductance change. The analysis for the second- 
by-second conductance change data here followec' the same format as the 
previous second-by-second analysis for the normal vs. noninstructed 
comparison. Table 9 presents the results of the ANOVA. 

The two mentally retarded groups seemed to respond here in a 
Similar fashion as there were no group differences evident. The results 
followed quite closely those obtained for the previous second~by-~second 
conductance change analysis for normals vs. noninstructed. 

Greater magnitude of response was evident for the imperative signal 
MAN as compared to the other two signals in the sequence. The stimuli 
main effect was significant (F = 7.67, df = 2/56, P < .91). The means 


(collapsed over blocks, seconds and groups) for the MAN BOY MAI signal 
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Table 9 13 


ANOVA for Instructed vs. Noninstructed: 
MAN BOY MAN signal sequence; sec x sec GSR 


Source df MS F P 
Between 

Groups | 8 mo Oi NS 

Error 25 2.98 
Within 

Blocks 5 Os500 AU aiis NS 

Blocks x groups 5 0754 1 OR74 NS 
Error 140 0.76 

Stimuli Me GI, 2S aT BS GE 2. O01 

Stimuli x groups 2 AN AN ie aed NS 
Error 56 Gz 

Seconds oe ene toh eeu: 

Seconds x groups 9 ORS Msc. 41 NS 
Error 292 Osis 

Blocks x stimuli | 10 9.62 0.69 NS 

Blocks x stimuli x groups 10 Laces a 48 lS 
Error 280 0.90 

Blocks x seconds 45 0.06 ae a NS 

Blocks x seconds x groups A5 OY 043 f HOH83 NS 
me ae he 1260 0.05 

Stimuli x seconds 18 0.44 SMO ees SOO 

Stimuli x seconds x groups 8 Ovi, elad WS 
ErVvor 504 0.08 

Blocks x stimuli x seconds 90 0.04 0.96 MS 

Blocks x stimuli x seconds x. groups 90 0.04 0.96 NS 


Error 2540 0.04 
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79 
sequence were -0.048, -0.033, -0.193, respectively. The stimuli x 
seconds interaction was also significant (F = 5.16, df = 18/504, 
P < .001). The seconds main affect CF Seeli2w'1 Os Gif fe. 94252. "Pee 4001) 
verifies that changes from prestimulus level were significant. 
Discussion of GSR results: Comparisons between normals and 


noninstructed. The results of the GSR analyses revealed differences 
between the normal and noninstructed groups with respect to a “ecrease 
in GSR responding. The magnitude measure did indicate a differential 
decrease as the noninstructed group showed a decrement in magnitude of 
response from the first to the second block to a greater extent than 

did the normals. They then maintained this low level of responding 
with some increase for the remainder of the task. Frequency of response, 
however, did not differentiate the two groups with respect to habituation 
over blocks. Both groups displayed a decrease in response frequency 

over the task. 

This points out quite clearly the disparity between different 
measures of GSR. When one obtains a frequency measure cnly, considerable 
loss of information could occur as a conductance change of 500 ohms and 
700 ohms are both given a value of one. Lack of any differences in 
the responses to stimuli may be noted with a frequency when differences 
do exist in terms of magnitude or amplitude of GSR. 

Thus, in the frequency of response analysis reported earlier there 
was indication of gradual decrement in responding over the six blocks, 
where the magnitude measure indicated a large decrement from the first 
to the second block for the noninstructed group anu smaller decrement 


or none at all over the task for the normals (see Figure 3). 
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The results here fail to support findings of faster rate of 
habituation in the mentally retarded (cf. Karrer, 1966) when a frequency 
of GSR measure is employed. However, there is inaication that the 
magnitude of response habituated much faster for the mentally retarded 
group. 

As expected, there was some indication of differential rates of 
habituation for the three stimuli. The stimuli with greatest signal 
meaning displayed little or no habituation of GSR over the task in the 
second-by-second analysis. 

Although the mentally retarded missed the key pressing more often 
tnan the normals, this did not have an effect on the GSR in any of the 
analyses for tne three measures. The results here, therefore, agree 
with those of Epstein, Bodreau and Kline (1975) and Bernstein, Taylor 
and Weinstein (1975) in that the GSR does not seem to be an artifact of 
the motor response itself. 

The above findings of frequency of GSR decrement for the sianal 
sequence follow those predicted by Mackworth (1969) and obtained by 
others (cf. Das & Bowers, 1970; Coles, Gale & Kline, 1971). 

In summary, the only substantial differences of GSR in this study 
between normals and noninstructed was a difference in magnitude of 
response to the imperative signal MAN (the normals indicating a greater 
magnitude of GSR). The only indication of habituation differences was a 
greater decrement from the first to the second block in magnitude of 
response for the noninstructed as compared to the normal group. 

Errectcol (instructions, Whemexpectation: ofmamtasitem ratetor 


habituation of the GSR for the noninstructed was not borne out by the 
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results. There is some indication in Figure 3 that this might be the 


case for the magnitude measure, particularly over the first four blocks. 
However, this did not reach significance in the magnitude analysis. 
Both groups displayed a decrement in the frequency of GSR to the 
Signal sequence. 

Differential levels of responaing to the three signals in the 
sequence MAN BOY MAN were evident for both groups. The magnitude of 
GSR tended to follow an order.similar to the relative importance (or 
amount of Signal meaning) the stimuli held. The instructed group 
responded with a greater magnitude of GSR to the imperative signal MAN 
as compared to the noninstructed group. The instructions appear to 
have focused she "attention" of the instructed group more explicitly 
on the critical signal in the sequence. 

There was some support here for the suggestion by Luria (1961) 
that there may be some dissociation of the two signaling systems in 
the mentally retarded. The noninstructed group did display a greater 
magnitude of GSR response to the imperative signal MAN as opposed to 
the two signals MAN and BOY, but failed to press for this sequence to 
a significant degree. The instructed, however, did not make as many 
errors of omission. The association between the signal sequence MAN 
BOY MAN and PRESS, therefore, increased the performance in the mentally 
retarded group. The instructions may have reduced the presumed deficit 
in verbal regulation of motor behavior (Luria, 1961). 

In summary, the only difference found with respect to the two 


groups was in the magnitude of the GSR to the imperative signal MAN, 
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the instructed group responding with a greater magnitude of GSR. No 
significant differences in rate of habituation were found between the 
two groups or between stimuli. The following section which deals with 
specific nonsignal sequences and signal vs. nonsignal comparisons may 


more clearly determine the effect of instructions. 


These analyses were carried out to examine Hypothesis 2.4 which 
predicted that the instructed mentally retarded would display less 


responsiveness of GSR to nonsignals as compared to the noninstructed. 


Responses to nonsignals 


This section will examine more closely the GSR responses to some 
specific nonsignal sequences and some critical signal vs. nonsignal 
comparisons. The results of analysis for both normal vs. noninstructed 
and instructed vs. noninstructed will be given together. | 

The interest here lies in GSRs_ to different signals placed in 
different positions in a sequence. The nonsignal sequences CAT BOY MAN 


and MAN KEY MAN were of major interest as both sequences had the signal 


MAN in a position at the end of the sequence. The nonsignal sequence 
MAN BOY CHAIR was also of some interest as it was anticipated that the 
stimulus CHAIR replacing the expected imperative signal MAN might 
produce reasonably large magnitudes of response, more so for the 
normals and the instructed group. 

Analyses were carried out first for each nonsignal sequence to 
elucidate responses to different signals and nonsignals within the 
sequence; then specific comparisons were made across the two nonsignal 


sequences CAT BOY MAN and MAN KEY MAN and the signal sequence MAN BOY 
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MAN. The responses to the last signal MAN in the nonsignal sequence 
CAT BOY MAN were compared to the responses to the imperative signal MAN 
in the signal sequence. The same comparison was then carried out for 
responses to the last MAN in the nonsignal sequence MAN KEY MAN and the 
imperative signal MAN in MAN BOY MAN. 

To achieve greater clarity, the results of all analyses for the 
nonsignal sequences are given in Appendix C. The results of analyses 
for all signal vs. nonsignal comparisons are given in Appendix D. 
Findings of specific analyses are incorporated into the results section 
of each particular measure and comparison. 

At this point one wants to examine the responses to nonsignal 
sequences. If the relative importance or amount of signal meaning 
a stimulus holds in a vigilance task does produce differential 
intensity of responding (i.e., increasing responsiveness to increasing 
Signal meaning), then responses to the nonsignal sequences CAT BOY 
MAN and MAN KEY MAN should indicate this. This was indeed the case 
(see Figures 7 and 8). The responses to the nonsignal sequence CAT BOY 
MAN were in an order relative to the amount of signal meaning each 
stimulus held. The trends noted in Figure 7 were supported in the 
second-by-second analysis as a stimuii main effect was observed (F = 3.73, 


df = 2/56, P < .05), as well as a stimuli x seconds interaction (F = 1.95, 


df 


18/504, P < .05). The stimuli x seconds interaction for the 
instructed vs. noninstructed comparison was not significant. However, 
the stimuli x seconds x groups interaction was (F = 1.76, df = 18/504, 


P < .05). The instructed group responded less to both BOY and MAN in 
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Fig. 7. Mean GSR sec x sec conductance change (collapsed over 
blocks) to nonsignal sequence CAT BOY MAN for all groups 


Norma | (aan ee 
Mentally retarded instructed pn ee ig 


Mentally retarded noninstructed —_—_—_— —_—_—_——— 


85 


o16éslti9g9ogcge#e¢€ee2z 


O— 


SNINWI}SOg ~SdeS 


a6 8l9g9oG be eZ 


0168 29 G bE e@ 


Sa 


1VO 


102 0- 


slo- 


olo- 


soo 


foXe) 


soo 


(o] Ke) 


slo 


020 


(SOYWOISIW) SONVHD SONVLONGNOSD “YS ‘9 


" 


t 
i 


= a ee 
hee eee cee ee ee a ee em 
} 
, « i 


oeeyveazeeaesc i! 


| 


ae © OE 


aulurii 20% 


o 
o 
=) 


e 
° 
i 


ctaeienadiemmeen lin initia: eemaimadin 
» 
©o 
i 


x 
o 
' 


e aan ao joa 
“” 
p> 


& 
° 


S 
P 


—- 


GOK COMDNCIVMCE CHYMGE (wictoupor) 


, ‘ ; = iW i Ait Ss } : a : te uy 
? PG ok pe, a Pat rt Pee 
fo ale tA Au Bide Rats aay Se vey oe tas 


ie. et of vy om cmt 


Le i 


Fig. 8. Mean GSR sec x sec conductance change (collapsed over 
blocks) to nonsignal sequence MAN KEY MAN for all groups 
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the sequence as compared to the noninstructed group and the normals (see 
Figure 7). The instructions to rehearse the signal sequence appeared 

to decrease the responsiveness of the instructed group to the two signals 
in the nonsignal sequence CAT BOY MAN. It appears that they ignored 

this signal sequence to a greater extent than did the normals and non- 
instructed group. There was also a greater overall frequency of GSR 
responses for this nonsignal sequence given by the noninstructed as 
compared to the instructed (F = 4.23, df = 1/28, P < .05). The means 

for the instructed and noninstructed groups were 0.24 and 0.51, 
respectively. 

The MAN KEY MAN nonsignal sequence also gave rise to differential 
responding for signals and nonsignals (KEY vs. MAN; see Figure 8). 
There was greater responsiveness evident for Signal words MAN than for 
KEY: This was supported in the second-by-second analyses, as both 
analyses yielded significant F-ratios for the stimuli x seconds 
interactions (F = 3.34, df = 18/504, P< .001 for the instructed -vs. 
noninstructed comparison; F = 1.92, df = 18/504, P < .05 for the normal 


vs. noninstructed comparison). 


The magnitude of GSR analyses supported the results of the second- 
by-second conductance change results (for stimuli effects) for the 
normal vs. noninstructed comparison. A stimulus main effect was observed 
(F = 5.17, df = 2/56, P < .01). The means for the MAN KEY MAN stimuli 
(collapsed over groups and blocks) were 0.166, 0.104 and 0.113, a greater 
magnitude of response being evident for the first signal MAN in the 


sequence. The main effect for stimuli in the analysis of GSR magnitudes 
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for the instructed vs. noninstructed comparison was not significant. This 
was probably due to the small magnitude of response to first signal MAN by 
the noninstructed group (see Figure 8). The frequency analysis also 
supports the findings in the second-by-second conductance change analysis 
and magnitude analysis. All three groups responded with greater frequency 
of GSR to the two signals MAN in the sequence (F = 9.56, df = 2/56, 
P < .001 for normals vs. noninstructed; F = 8.39, df = 2/56, P < .001 
for instructed vs. noninstructed). The trends noted in Figure 8 with 
respect to differences in responding to the first MAN in MAN KEY MAN 
nonsignal sequence between instructed and noninstructed was also 
supported in the frequency analysis. The stimuli x groups interaction 
was significant (F = 5.27, df = 2/56, P < .001). Figure 9 displays the 
frequency of response means for the three groups collapsed over blocks 
for the three stimuli for the MAN KEY MAN nonsignal sequence. 

Decrements in GSR for both nonsignal sequences was observed for 
the frequency measure in all three groups. There was, however, a 
differential rate of decrement of GSR frequency for the nonsignal 
sequence MAN KEY MAN between the normal and noninstructed groups (see 
Figure 10). The normals displayed a gradual decrease in GSR frequency 
from blocks one to six, whereas the noninstructed displayeda decrease in 
frequency of GSR from blocks one to three and then increased their 
responding from blocks four to six. The blocks x groups interaction 
was Stgnificant (F = 2.63. df = 5/140;, P = .025). 

The nonsignal sequence MAN BOY CHAIR gave rise to little differential 
GSR responding to the stimuli in the sequence, although the normals did 


tend to respond to the signal BOY with greater intensity than did the 


Se. 


2titT  seontliall so ot +4600 


1a WAM isnere ent? OF. 22 enoaest% nN _ 
ozis ateyfans. vonaupatt ad 8. 


oy 
J 


2tevians epasio 3 nnd bab EY. ot 2 


ay 


yonsupay? yedseve. di a ‘bebmogaay aon * 
a2\S = Ib BRR = 2) snnsupar ae + VAM 
(00. > 9 .8@\S. = ab. 08.8 2 4 i 


dtiw & svvert at beson abner. ant ree 
we ”, 


VAM YS. WAM WAM Tevtt on? ot pn thnaqean | 


o2ls 25W bosaua enrnon DAS botoursent wiley sone upee 


— Lo FF } «/ ; . -* sri j “ty rn 
ovo x fiuatti2. ont “ evisa6 Nonsupsyt a i 
ait avelgeth & swett .(f00, ac\$ = 7b ,WS. & me 

Isafd veve pazestloo equow soit oat TOT ene a Fj 


asneupae Iseptenon VAM vay HAM sft 40 ts ts 


40% bev¥sedo e6w z9oneupse |enp vn on Fed WT sea ah ay 
, 


sw ovsd? .2quasp estas bis nt ee i: 


7 ‘+7 efor 
‘ ; 73 jn 


fsnptenon add vot yYonsupey? A2a to In ema oeb 6. oo a ; 
aie | 


992) 2quo%p batouwentaon bie Tamvon oft nsows ec nae MA 
supay? 920 nf sesavosb Teubaip 6 bayetgeld CT AnEON » 
sob ebavalgerb bedauwrentyorn ans epatsnw ,xr2 of 9 Re 
‘jaht beeseront mond bre seve oF ono 2h00td mouT F 23 Yo 
, | \o 4 
ottoesetat 2zquove x 2ApoTd ont .xte oo uot 22 sofa OTT PF 
. =. Ea 
(280. = 9 ,OBf\G = Wh .€8.8 = i soi? 
fsttnenettih alsaif of Sety avep ALAHD YOR WAM oonsupea faapianon Si 
ve * 


bith 2fanvon ant apuedsts .aoneupse sat nt tlumftie ony ay 


> itn a 
bib wend yifenaint veteavp rdtw YOR Fanpte ang ot oe Za 
ay 


| sini bid s2ghtioo) faea to ieraupet neem “y ef ie ut ‘ 
aay as) fee tot HAM Yat WAM sonsupez Tem otanon 


4 ee mi 


Fig. 9. Mean frequency of GSR (collapsed over blocks) to 
nonsignal sequence MAN KEY MAN for all groups 
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Fig. 10. Mean frequency of GSR (collapsed over stimuli) to 
nonsignal sequence MAN KEY MAN over blocks for all groups 
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two mentally retarded groups (see Figure 11), the least response being 
displayed by the noninstructed group. The only significant interaction 
for groups and stimuli was obtained in the normal vs. noninstructed 
second-by-second conductance change analysis. The stimuli x seconds x 
groups interaction was significant (F = 2.16, df = 18/504, P< .01). 
The seconds main effect verifies that changes from prestimulus levels 
were significant (F = 5.95, df = 9/252, P < .001). 

It is interesting to note that the response to the stimulus CHAIR 
in the sequence was responded to equally or greater than tHe Signals 
MAN and BOY. The expectation that the noninstructed would be less 
responsive to this stimulus than the normals or instructed was not 
borne out. This response to CHAIR may be indicative of violation of 
expectancy as the Ss were expecting MAN to be heard, but instead CHAIR 
was heard; thus a fairly large magnitude of response is indicated. 

Responses to MAN: Signal vs. nonsignal. The question of greater 
responsivity to critical signals than noncritical signals may be more 
clearly examined by comparing the GSRs of the groups to the signal MAN 
as it is placed in varying positions of importance or significance. The 
comparisons here were between the responses to the last signal MAN in 
CAT BOY MAN to the imperative signal MAN in MAN BOY MAN. The other 
comparison was obtained between the last signal MAN in MAN KEY MAN and 
the imperative signal MAN in MAN BOY MAN. Figure 12 displays the GSR 
responses over seconds (collapsed over blocks) of the three groups to 
the imperative signal MAN and the two signals MAN in the nonsignal 
sequence CAT BOY MAN and MAN KEY MAN. The normal group's responses to 


the three signals again displayed an order or response relative to the 
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Fig. 11. Mean GSR sec x sec conductance change (collapsed over 
blocks) for nonsignal sequence MAN BOY CHAIR for all groups 
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Fig. 12. Mean GSR sec x sec conductance change (collapsed over 
blocks) to imperative signal MAN and last MAN in nonsignal 
sequences CAT BOY MAN and MAN KEY MAN for all groups 
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amount of signal meaning or significance of the signal. The imperative 
stimulus MAN gave rise to the largest response, followed by the signal 
MAN in the nonsignal sequence CAT BOY MAN and then the last Signal MAN 
in the nonsignal sequence MAN KEY MAN. The instructed group displayed 
considerably less response to the signal MAN in the nonsignal sequence 
CAT BOY MAN cron did the noninstructed group. There is indication here 
of less response to some noncritical signals by the instructed group. 
Instructions, therefore, appear to have increased performance in the 
vigilance task by reducing some of the arousal or attentional properties 
of some of the nonsignificant signals. This may have allowed the Ss 


to focus more clearly on the signal sequence MAN BOY MAN. 


Discussion of GSR results 


Hypothesis 1 predicted that the noninstructed would display 
a faster rate of decrement of GSR to the signal sequence when compared 
to the normal group. This did receive some support in the magnitude 
analyses. The noninstructed group did show decrease in GSR magnitude 
from the first to the second block to a greater extent than the normals. 
However, they then maintained this level of response, with some increase 
from the second to the sixth block. 

Hypothesis 2.1 predicted that the noninstructed group would display 
faster decrement in GSR to the signal sequence as compared to the 
instructed group. This obtained virtually no support in the study. 
There was some indication that differential rates of magnitude of GSR 
decrease was in effect (see Figure 3). However, this did not reach 


significance in the analyses. 
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A number of studies reviewed earlier had indicated that frequency ae 
GSR responding to stimuli by the mentally retarded is less than that of 
normals (Lobb, 1970; Karrer & Clausen, 1966). This study does not 
Support these findings. Other studies have also failed to obtain GSR 
frequency differences (Clausen & Karrer, 1968; Tizard, 1968). 

The main differences found with respect to the GSR to stimuli for 
the groups was in the responses to the imperative signal MAN. The 
normal and instructed groups responded with a greater magnitude of GSR 
to this signal as compared to the noninstructed group. Hypothesis 2.2 
predicted that the normal group would display a greater magnitude of 
GSR to the signal sequence as compared to the noninstructed group. 
This prediction received some support in the study. Also in Hypothesis 2.3 
it was predicted that the instructed group would display a greater magni- 
tude of GSR to the signal sequence than the noninstructed. This was the 
case for the imperative signal MAN. 

All three groups displayed a tendency to give a greater magnitude of 
GSR as the significance of signals increased. The results here reinforce 
the findings of Bernstein et al. (1975). 

The effect of instructions on the GSRs of the mentally retarded 
resulted in a decrease in response to some less significant signals. 
The responses to the signals BOY and MAN in the nonsignal sequence CAT 
BOY MAN did not elicit GSRs as readily in the instructed group as it did 
for the noninstructed group. Also, the noninstructed displayed greater 
response to the first MAN in the nonsignal sequence MAN KEY MAN as 
compared to the instructed. Hypothesis 2.4 which stated that the 
instructed group would display less response of GSR to nonsignals than 


the noninstructed group therefore received some support in the study. 
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Heart Rate Results 


The following analyses of heart rate data were carried out to 
examine Hypothesis 3 which predicted that the noninstructed would display 
faster heart rate habituation to the signals than the normals; also 
Hypothesis 3.2 which predicted that the normal group would display 
greater deceleration of heart rate to the signals as compared to the 


noninstructed. 


The statistical procedure followed in the heart rate analyses was 
identical to that used in the GSR analysis. The second-by-second beats 
per minute (BPM) change, % deceleration and % acceleration were subjected 
to an analysis of variance. The results of the signal sequence MAN BOY 
MAN analyses for the normal vs. noninstructed comparisons will be given 
first. followed by the results of the instructed vs. noninstructed — 
comparisons. The final section of heart rate results will deal with 
responses to nonsignal sequences and specific comparisons between the 
imperative signal MAN and some less significant stimuli as was carried 


out in the GSR analyses. 


Normal vs. noninstructed comparisons 
Second-by-second BPM change. The second-by-second beats per minute 
difference scores were subjected to a 2 (groups) x 6 (blocks) x 


3 (stimuli) x 10 (seconds) ANOVA with the last three factors repeated. 
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Table 10 presents the results of the analysis. Figure 13 presents the 
mean beats per minute change collapsed over the six blocks for the three 
stimuli and the three groups. 

There was no indication of habituation of the heart rate response 
to the signal sequence MAN BOY MAN. The blocks main pater a 2.55, 
df = 5/140, P < .05) is very difficult to interpret. The means for 
blocks one to six were -0.36, 0.37, -0.47, 1.21, 0.44, and 0.88, 
respectively (collapsed over groups and stimuli). There is indication 
of initial overall deceleration of heart rate from the first to the 


third block, followed by a fairly strong overall acceleration on the 


fourth and then some decrease of acceleration of heart rate to the 
sixth block. 

There was indication of differential group heart rate change ee 
the sixth block as well (F = 2.81, df = 5/140, P < .05). Figure 14 
displays the mean heart rate change (collapsed over stimuli and seconds) 
for the signal sequence and the three groups. The major difference in 
responses of the two groups was evident for block three. The mentally 
retarded responded with an overall large deceleration of heart rate, 
whereas the normals' response was generally that of heart rate acceleration. 
The mentally retarded appeared much more inconsistent in terms of heart 
rate responses as compared to the normals. It is interesting to note 
that on the third block the greatest number of both errors of omission 
and false detections were made by the noninstructed group. The seconds 
main effect (F = 3.14, df = 9/252, P < .01) verifies that changes from 


prestimulus levels were reliable. 
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Table 10 103. 


ANOVA for Normal vs. Noninstructed: 
MAN BOY MAN signal sequence; sec x sec BPM change 


Source df MS ° Pp 
Between 
Groups 295.87 *1...06 NS 
Error ZO 216235 
Within 
Blocks 5 522736) | (255 = S505 
Blocks x groups 6) 574.78. (2. SV s.05 
Brnor 140 204.70 
Stimuli 2 149029."'0,63,, aNd 
Stimuli x groups 2) 1233.28. 0.99 NS 
Error 56, (235:72 
Seconds 9 81.61 Sha a Sh 
Seconds x groups Onde een Ono s NS 
Error 252 26.00 
Blocks x stimuli 10°179295° 20782 NS 
Blocks x stimuli x groups 10 306.47. 1.40 # NS 
Error 280 219.34 
Blocks x seconds 45 9.44 0.88 NS 
Blocks x seconds x groups 45 6.77 30263 NS 
Error 1260 10.74 
Stimuli x seconds VOM Gse2 eT 4s NS 
Stimuli x seconds x groups Likes 55) 101 NS 
Error 504 | «13.39 
Blocks x stimuli x seconds 90 OeZi 0.69 NS 
Blocks x stimuli x seconds x groups 90) 207583) +1258 NS 
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Fig. 13. Mean heart rate sec x sec BPM change (collapsed over 
blocks) to signal sequence for all groups 
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Fig. 14. Mean heart rate BPM change (collapsed over stimuli 
and seconds) over blocks to signal sequence for all groups 
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The responses over seconds to the three signals were quite 
interesting (see Figure 13), the normal group displaying a fairly 
large acceleration of heart rate for the imperative signal MAN and BOY 
in the sequence as compared to the noninstructed group. The stimuli x 
seconds x groups interaction approached significance (F = 1.43, df = 
18/504, P < .10). The responses of the normal group to the imperative 
signal MAN appeared to indicate attention to this signal, followed by 
the motor response of pressing the key (heart acceleration). The 
mentally retarded, on the other hand, attended primarily to the signal 
(heart rate deceleration), the acceleration component being less 


pronounced for this group. This also followed from the vigilance 


performance data which indicated a greater number of omissions for the 
signal sequence by the noninstructed group. | 

The responses of acceleration to BOY, however, could not be 
interpreted as a result of a motor response for the normal group, as 
they did not press the key for this signal. Rather, it is likely due 
to the importance that this signal played in the sequence and may reflect 
covert rehearsal of the signal or some related cognitive activity which 
maintains the signal in memory. Active cognitive activity has been 
demonstrated to produce cardiac acceleration (Lacey, 1967; Tursky, 
Swartz & Crider, 1971; Pribram et al., 1975). 

The noninstructed group, on the other hand, seemed to respond in 
terms of just an "attentional" component or not at all to the signal 
BOY. They did not display the fairly large acceleration of heart rate 


that was observed for the normal group. 
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Per cent deceleration. The % deceleration of heart rate data 
were subjected to a 2 (groups) x 6 (blocks) x 3 (stimuli) ANOVA with 
the last two factors repeated. There were no significant differences 
between groups with respect to stimuli, although there was more 
deceleration of heart rate to the imperative signal MAN. The means 
collapsed over groups and stimuli were 2.85, 2.42 and 3.47 for the 
MAN BOY MAN signals, respectively. However, this did not reach 


significance in the ANOVA (F = 1.32, df = 2/56, P < .25). 


Per cent acceleration. The % acceleration analysis followed the 
identical format to that for the % deceleration dependent variable. The 
only significant result observed was the main effect for groups (F = 4.56, 
df = 1/28, P < .05).. The normal group ineaqice a greater overall degree 
of acceleration than for the noninstructed. The means collapsed over | 
blocks and stimuli for the normal and noninstructed groups were 5.07 and 
3.35, respectively. The difference appeared to be affected by the large 
amount of acceleration for the first two signals in the sequence for the 
normal as evidenced inFigure 13. The means for % acceleration for the 
three signals in the sequence collapsed over blocks are given in Table 11 


for the two groups. 


Table 11 


Mean % Acceleration of Heart Rate for MAN BOY MAN 
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The blocks main effect (F = 2.45, df = 5/40, P< .05) indicated 
increased overall % acceleration of heart rate to the fourth block, then 
decreasing over the fifth and sixth blocks. The means for blocks one 
to six were 2.5, 4.7, 4.04, 6.19, 4.68, and 3.13. This may be indicative 
of increasing cognitive effort required to maintain the signals in 
memory from the first to the fourth block. There was no significant 
indication of a decrement in % acceleration of heart rate occurring over 


the task. 


Heart rate: Analysis of ir of instructed vs. noninstructed treatments 


The following analyses of eart rate data for these two gi groups. were 
carried out to examine Hypothesis 3.1 which predicted that the instructed 
group would display a slower rate of heart rate habituation to the signals 
as compared to the noninstructed; also Hypothesis 3.3 which predicted that 
the instructed mentally retarded would display greater deceleration of 
heart rate to the signals than the noninstructed was tested here. 

Second-by-second BPM change. The second-by-second beats per minute 
change data analysis for the instructed vs. noninstructed followed the 
identical format to that for the previous normal vs. noninstructed 
cBABakisOnst The results of the analysis for this measure are given 
in Table 12. 

As was observed in the previous analysis, a block main effect was 
obtained (F = 4.48, df = 5/140, P < .001). The means (collapsed over 
groups, stimuli and seconds) for blocks one to six were: -0.59, 0.84, 
-1.28, 0.59, 0.84, and -1.20. The effect here appears to be due to the 
large overall deceleration noted for the third and sixth blocks. Why 


this occurred is not clear as there is no indication of a general 


OTR ol ee Vy 


i 


args ooold asia aes oF ater Syso to iota 


botsatbnt (@. 2 4 OB\2 = = 2b. vs 


| ano 2420!d vot afsomn oft .2i0fd ddxte vow dy 
avitsarbnri ad -Ysin array -.€7.€ bas 88 a a cae 


at elsnpte add ntsdntem oF bs Tfupoy Jota avittnp 
aii im) 


at : ma) + ie 
tnsoittnpte on 26w aventt lsoo0ld Adsuot ene oF Fexitt 
F - t i DoW *. i i. 
P te aPe Le. du 4 tat . 
9V0 poiyvw7a6 9367 pre to notisrelass6- & NE YnaHaNob 8 | 
i a3, ? , 
2 i 


2inemisext besouitentaon ae botouisant Te: abe teh 


‘g19w Z2quOrD owl 92907 YO? 5386 absy +160 to-esey 605 pitwo tor alii 


Pi 3 en 
bofouitent ad? tant betorbe1q nothw 7.  efasntogyk Sn hmsx2 oF uo ba toys: 
ree 7% 


efanpte ond of nor tsutided 9tey tisen to ode, yowole” 6 ystaath bru aor 


teds bedotberg dotdw €.€ eteedtoqvl oefs bata rund anton oily ov a rn 


to notisyelsosbh yetseip yslgetb bfuow babyste4 vi tsinet bat enit th 


giant betesy 26w ed si aa (on oft net efsnpts aiid at ov Sh 

atuntm 19q 269d -bnosse-yd-bhosee ofT .opisita NIG bnoowe- ‘ass 
oft bewolfot batoursteninon “ey boyouyvtant sit 107% sedi mr ) 9p 
besouysentnon .2¥ Tamron enol vang oft so? jot oF shahus ia ; " 


novi avs awepem erat 107 ateyisne « ond to 23 Tueor adh en 


res We By 
‘ : : ; a 
abs 5 7 


| | : 26 soe aban, jot ie sed eae ert att 
~ AoA a - | penny | 
hee has - mea 3) om oi aes 


wu 


Cabo 
|S ae das aoa 
¢ a bub eae ot — : q6 ii ot + ¥ +3 raft 0 0. ai waa aa 28 Q 


mh 
( end 
a ad 
| sd lata alls a pore 
fh i“ mics etl. m mor 
sin ba heh ‘ . *., = i 


7 —~ » 


em weg! 


Table 12 TT 


ANOVA for Instructed vs. Noninstructed: 
MAN BOY MAN signal sequence; sec x sec BPM change 


Source df MS F P 
Between 
Groups Wr aleuot | O.Uy, NS 
Error 28 194.78 
Within 
Blocks ao RW SR a ea 8 
Blocks xX groups 5 020274451912 00 NS 
Error, 140 203.38 
Stimuii 2an494. 52 4.2.94 NS 
Stimuii x groups Ce costo” 1256 NS 
Error 56 168.49 
Seconds 9's 195, S4sy GaO2,/ 4,001 
Seconds x groups Or 0 HO4r acy ee 05 
Error O52). 820. 4 
Blocks x stimuli LOMAS 3950, Tole 67 NS 
Blocks x stimuli x groups TO" 401819 2213 NS 
Error 280 188.50 
Blocks x seconds 45 8.08 0.83 NS 
Blocks x seconds x groups 45 Broa si. 9T NS 
Error 1260 2 ey Ars 
Stimuli x seconds 1S oo 2a 4 44a oS. 001 
Stimuli x seconds x groups 18 9.89 0.78 NS 
Evivor 5047) Gal? #73 
Blocks x stimuli x seconds 90ro L6<79WN 149ia\5 NS 
Blocks x stimuli x seconds x groups 6 PA Peg ee NS 


Error Loc ed 


:beta 


opret> MM 


v0.0 


df .ffe 


Ak, SOS 


BE. £06 


Of Of 
Of ;30 


PC cu} 


My a 
on a 
CoO 
0) 
‘YT © 
— . 

¢ t 
i\ 

7 f 

\ «eo 
Oy a 

wo 

ms. ¢ 


dank 
Dee ae 


aber 
2quore Xx, or 
Pale 


He 2bnoss2 x tTumite 
Oe 2quo7%p xX ebnoos2e x i fumtse 


112 


decrement or increment in heart rate changes. 

There were differential patterns of heart rate responses to the 
three signals (F = 4.49, df = 18/504, P < 001). This appeared to be 
due to the fairly large acceleration of heart rate to the first two 
Signals in the signal sequence, whereas the imperative signal MAN 
produced generally deceleration. The instructed group displayed 
responses to BOY and the first MAN in the sequence which was very 
Similar to the responses obtained for the normal group. This may be 
a result of the overt and/or covert rehearsal of the signal sequence 
by the instructed, which resulted in a similar heart rate response to 
the normals. Covert verbalization has been indicated to produce cardiac 


acceleration (Campos & Johnson, 1968). 


Per cent deceleration. Table 13 presents the results of this” 
analysis. As before, a block main effect was observed (F = 4.04, df = 
5/140, P < .001). The means for blocks one to six (collapsed over 
groups and stimuli) were: 4.36, 2.40,,4.57, 2.09, 1.85, and 4.31, 
respectively. The reason for such a pattern of results is not clear; 
however, it may be related to fluctuations in "attention" occurring 
over the blocks as in one instance considerable deceleration of heart 
rate was evident and in another it was not. The ease of the vigilance 
task may have resulted in the shifting of attention from time to time. 

The stimuli main effect (F = 3.68, df = 2/56, P < .05) was quite inter- 
esting as greater deceleration occurred for the two MAN signals in the signal 
sequence as compared to the signal BOY. The means (collapsed over blocks 


and groups) for the MAN BOY MAN signal sequence were: 3.22, 2.55, and 
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ANOVA for Instructed vs. Noninstructed: 
MAN BOY MAN signal sequence; HR % deceleration 
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Source df MS F 
Between 
Groups | 0.43 0.01 
Error 28 47.33 
Within. 
Blocks 54m 146-0) 4.04 
Blocks x groups 5 28.16 O73 
Error 140 36.15 
Stimuli 2 97.3] 3.68 
Stimuli x groups 2 12.49 0.47 
Error 56 26,41 
Blocks x stimuli 10 31.48 0.92 
Blocks x stimuli x groups 10 51234 b.50 
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4.02, respectively. The two mentally retarded groups displayed a greater 
"attentional" component (as indexed by heart rate deceleration) to the 
two MAN signals rather than the relatively important signal BOY. The 
imperative signal MAN did give rise to greater deceleration of heart 
rate than the other two signals, however. The tendency of the mentally 
retarded to respond less autonomically to a warning signal than to an 
imperative signal has been noted previously (Das & Bower, 1971). This 
could result in a greater number of false detections as they would miss 
the critical signal BOY in the series. Both groups also displayed more 
false detections in the vigilance task as compared to the normals. 

Per cent acceleration. The results of this analysis yielded one 
major finding. Theblock main effect (F = 3.16, df = 5/140, P < .01) 


again suggests a great deal of variation in responding over the six 


blocks. The means (collapsed over groups and stimuli) were: 2.45, 
4.98, 2.50, 4.43, 5.04, and 2.72. The heart rate acceleration changes 
over blocks again did not display a consistent pattern of decrement. 
There is no indication here that habituation of this component of heart 
rate occurred. 

There were no group differences or group x stimuli differences with 
respect to heart rate acceleration to the signal sequence. 

The heart rate responses of the three groups to the signal 


sequence were guite variable over the task, with no real pattern 
of responses over time evident. This general lack of consistent 
responding may have been due to the relative ease with which the 


majority of the Ss performed in the vigilance task. Thus, "attention" 
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to the signal sequence as measured by heart rate tended to fluctuate 
throughout the task, as heart rate has been noted to be highly sensitive 
to task demands (Dahl & Spence, 1974). If the task had been more 
difficult, one might anticipate more consistent findings of decrement 

of heart rate responses as the changes in heart rate would likely be 
more pronounced in the task. 

There were no indications here of heart rate response habituation 
for either of the three groups. The heart rate response of deceleration 
and acceleration has been found previously to be somewhat inconsistent 
with respect to habituation (Holloway & Parsons, 1971; Jackson, 1974). 

Few differences were apparent among the three groups. The 
instructed group did tend to follow more closely the normal group with 
respect to acceleration of heart rate to the signal BOY (see Figure 13). 


Heart rate responses in terms of % deceleration, however, did 


differentiate responses to the signal stimuli in the sequence. The 
first signal MAN and the imperative signal MAN both gave rise to 
greater deceleration of heart rate for the two mentally retarded groups 
than did the signal BOY. The mentally retarded groups, therefore, 
appeared to pay more attention to the MAN signal than the critical 
signal BOY in the sequence; whereas the normals responded more 
similarly to all three signals in the sequence. 
Responses to nonsignals. As in the case of GSR, the results of 
the heart rate analysis for the nonsignal sequences are given in 
Appendix E. The results of all signal vs. nonsignal comparisons are 
given in Appendix F. Findings of specific analysis are incorporated 


into the results section of each particular measure and comparison. 
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The interest here is in the heart rate responses of the three 
groups to different signals placed in different positions in a sequence. 
As for the GSR, the nonsignal sequences CAT BOY MAN and MAN KEY MAN were 
of major interest as both sequences had the signal MAN in a position at 
the end of the sequence. The signal sequence MAN BOY CHAIR was also 
of interest as it was anticipated that the stimulus CHAIR replacing the 
imperative signal MAN would produce a large acceleration of heart rate 
as a result of violation of expectancy. The normal and instructed 
groups were expected to display this to a greater extent than the 
noninstructed group. 

As was the case for the GSR data, analyses were carried out first 
for each nonsignal sequence to elucidate responses to different signals 
and nonsignals within the sequence. Specific comparisons were then 
carried out across the two nonsignal sequences CAT BOY MAN and MAN KEY 
MAN. The responses to the last MAN in the nonsignal sequence CAT BOY 
MAN were compared to responses to the imperative signal MAN in MAN BOY 
MAN. The same comparisons were then carried out for responses to the 
last MAN in MAN KEY MAN and to the imperative signal MAN in MAN BOY MAN. 

Responses to nonsignal sequences. The heart rate second-by- 
second response data for the nonsignal sequences CAT BOY MAN, MAN KEY 
MAN and MAN BOY CHAIR were subjected to 2 (groups) x 6 (blocks) x 
3 (stimuli) x 10 (seconds) ANOVAs with the last three factors repeated. 
The mean second-by-second beats per minute change (collapsed over blocks) 
for the three nonsignal sequences and groups are given in Figures 15, 
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Fig. 15. Mean heart rate sec x sec BPM change (collapsed over 
blocks) to nonsignal sequence CAT BOY MAN for all groups 
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Fig. 16. Mean heart rate sec x sec BPM change (collapsed over 
blocks) to nonsignal sequence MAN KEY MAN for all groups 
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Fig. 17. Mean heart rate sec x sec BPM change (collapsed over 
blocks) to nonsignal sequence MAN BOY CHAIR for all groups 
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The major finding of significance for the CAT BOY MAN signal 
sequence was a difference in the second-by-second heart rate responses 
of the instructed and noninstructed groups with respect to stimuli. 

The stimuli x seconds x groups interaction yielded an F = 1.78 (df = 
18/504, P < .05). Upon examination of Figure 15, it appeared that this 
was mainly due to the heart rate responses to BOY in the sequence. The 
Riceeeted group displayed a heart rate response similar to that of the 
normals as there was a deceleration component followed by a fairly 
extensive heart rate acceleration response. The noninstructed, on the 
other hand, displayed only a deceleration of heart rate response. Thus, 
the normals and instructed group seemed to focus more e this signal in 
terms of some cognitive or somato-motor activity. The incongruence of 
having the signal BOY occur immediately following the nonsignal CAT Hay 
also be a factor as this was the only instance in which this occurred. 
The normal and instructed groups may have noted the incongruence, thus 


resulting in heart rate acceleration. The noninstructed group may not 


have been as aware of the importance of this signal and thus just have 
"“Tistened" or "taken in" the stimuli. 

It seems more likely, however, that the acceleration is due to 
covert cognitive activity, as this same response to BOY by the normals 
and instructed group was evident for the signal BOY in the signal 
sequence MAN BOY MAN. 

The analyses for the MAN KEY MAN signal sequence also yielded some 
noteworthy findings (see Figure 16). The instructed and normal groups 


responded differently to the last signal MAN as compared to the non- 
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instructed group. The groups x stimuli x seconds interaction in the 
second-by-second BPM analyses for both normal vs. noninstructed and 
instructed vs. noninstructed was significant (F = aos) df = 18/504, 
P= 20) Or normalsevs. nonmnserucced; (P= i2s125 df = 187504, Pp =-.01 
for instructed vs. noninstructed). 

Again, as was the case for the signal BOY, the heart rate response 
to a signal displayed by the honineeniered is almost the reverse of 
that displayed by the normal and instructed groups. The mentally 
retarded and normal groups both responded to the last signal MAN in 
the MAN KEY MAN nonsignal sequence with a fairly large acceleratory 
component of heart rate. The noninstructed group, however, displayed 
a fairly strong deceleration of heart rate, then some late acceleration 
or just return to prestimulus level. The noninstructed also pressed 
more often for this signal than the instructed or normal groups. 

The heart rate responses to the nonsignal sequence MAN BOY CHAIR 
did give some indication of a "violation of expectancy" effect for the 
normal group (see Figure 17). They indicated a later acceleratory 
component of heart rate occurring from the fifth to the tenth second 
poststimulus, with no indication of a gradual return to prestimulus 
level at the end of the tenth second. The two mentally retarded groups 
displayed an initial deceleration of heart rate, followed by acceleration 
and return to prestimulus level. The effect of violation of expectancy 
appeared greatest for the normal group. However, the stimulus x 
seconds x groups and the stimuli x groups interactions were not 


significant. The observed difference between the normal groups, 


ont at se 


bre bed aevtentnon lav fh 
MORNET © Fb 22S way | 
10. = 9 ,aoa\st meee 8 D 


Senoqesy Sset Ivaet ont rn) fenpte oa 
yo oeveves sad Deonth 2i beouid ant now & 
ett stem oft] _aquore potoindent brs. Tt 

nt WAM Teno td ta6t afd od bebaogeay oe lets aan 


eleoss spval yints? & ADtw soneupise hong he | 


vi. 
WY 


Ssyvoleooe Vota! & betsofbnt yoai ANT stuptt ones 


16) 4. 


~ 


« 


iavowort .qverp beta reantnen oft Jeaey, ul 
a6 ste! omo2 waa aan Asif 10 notdsvat nab @ 
a) 

cele badouytdent non. siT ‘over: 2S wane aiealy, od ne 


a as - 
wworp Fserron to betoywytent sad nent lengte 2tde 40 


MAM eonsupse lsnprenon sna oF co 2noges S564) Sts 


Stts "“yonssosqxs Yo nafistory” # To nottsotbab 
i" ie 
a 
y 
inet ofd oF ADTEY od mov? GainwuosD saan mala 1 


_ 
aiugay favbe re 6 to seldsotbnt on Hee eee tf 
rt vilssasin ows ofl broose itnsd and to DAS eRe 

- ws 


1s howe tee: aie geek oe teins _— 

notinfoty to toetta oft. .fayal oe 

Luntte odd .vevewal.quemp Ismion sed 107 es 
isint equois x tive ond One So 


wotpy lemdn ads roowted gonawttibh boyrwsedo ef iam 


125 


therefore, may be due to a greater variance of response within the 
normal group. 

There was, however, differential heart rate response to the stimuli 
as evidenced in the second-by-second BPM change analyses. The stimuli x 
seconds interactions (F = 4.17, df = 18/504, P < .001 for normals vs. 
noninstructed; F = 2.09, df = 18/504, P < .01 for instructed vs. non- 
instructed) was significant. It is not immediately clear as to what is 
happening here (see Figure 17). However, the heart rate responses to 
the signal BOY and the nonsignal CHAIR did indicate greater degrees of 
acceleration of heart rate over the seconds as compared to the signal 
MAN. This was also found in other analyses involving the signal BOY. 

The % deceleration analyses for MAN BOY CHAIR indicated differential 
amounts of heart rate deceleration for the instructed and noninstructed 
groups (see Figure 18). The stimuli x groups interaction for the two 
groups was significant (F = 3.96, df = 2/56, P < .05). The indication 
here was that the noninstructed group responded to the first signal MAN 
in the sequence with greater deceleration of heart rate. They also dis- 


played less deceleration for the signal BOY than the instructed and greater 


deceleration for CHAIR. The normals, on the other hand, displayed about 
the same amount of heart rate deceleration for all three stimuli. 
Responses to MAN: Signal vs. nonsignal. Specific comparisons for 
the signal MAN were carried out to determine the degree of "attention" 
to this signal when placed in different positions in a sequence. The 
last MAN signal in the nonsignal sequence MAN KEY MAN was compared to 


the imperative signal MAN in the signal sequence MAN BOY MAN. The last 
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Fig. 18. Mean % deceleration of heart rate (collapsed over 
blocks) to nonsignal sequence MAN BOY CHAIR for all groups 
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Signal MAN in the nonsignal sequence CAT BOY MAN was also compared to 
the imperative signal MAN. It was anticipated that the heart rate 

% deceleration component would differentiate the groups (i.e., greater 
heart rate deceleration for the imperative signal MAN than for either 
of the other two signals for the normal and instructed groups, with 
little difference in heart rate deceleration for the signals for the 
noninstructed group). | 

A 2 (groups) x 6 (blocks) x 2 (stimuli) ANOVA with the last two 
factors repeated was carried out utilizing % deceleration of heart rate 
as the dependent variable. 

The only significant results obtained were for the comparisons of 
the last signal MAN in MAN KEY MAN to the imperative signal MAN. The 
instructed and normal groups both displayed a greater amount of 
deceleration of heart rate to the imperative signal MAN than to the signal 
MAN in the nonsignal sequence MAN KEY MAN. The noninstructed group, 
however, displayed more deceleration for the signal MAN as opposed to 
the imperative signal MAN (see Figure 19). The noninstructed group 
focused their "attention" as much or more on the signal MAN as they did 
for the imperative signal MAN. They appeared to be less selective in 
their attending than were the normal and instructed groups. This was 
found previously as well in the GSR results. 

Discussion of heart rate data. Across blocks there was no evidence 
of habituation of the deceleration component of the heart rate response. 
This is contrary to the findings for the GSR measure, as the frequency 
of GSR did indicate quite consistently a decrement in responding over 


the blocks. 


Fig. 19. Mean % deceleration of heart rate (collapsed over 
blocks) to imperative signal MAN and last MAN in nonsignal 
sequence MAN KEY MAN for all groups 
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Hypothesis 3 predicted that the noninstructed group would display a 
faster rate of habituation of heart rate deceleration to the signal 
Sequence as compared to the normal group. Hypothesis 3.1 predicted that 
the instructed group would display a slower rate of habituation of heart 
rate deceleration to the signal sequence as compared to the noninstructed 


group. There was no support obtained for habituation differences as heart 


rate habituation was not evident. 

Some support was evident in the heart rate analyses for Hypothesis 
3.2 which predicted that the normal group would display greater decelera- 
tion of heart rate to the most. significant signals as compared to the 
noninstructed; and Hypothesis 3.3 which predicted that the instructed 
would display greater deceleration of heart rate to the most significant 
Signals as compared to the noninstructed group. The normal and instructed 
groups were more selective in their "attending" as compared to the 
noninstructed. The normal and instructed groups did display more heart 
rate deceleration to the imperative signal MAN than they did for the last 
signal MAN in the nonsignal sequence MAN KEY MAN. The noninstructed, on 
the other hand, displayed as much or more heart rate deceleration to 
the signal MAN in the nonsignal sequence MAN KEY MAN as they did for the 
imperative signal MAN. 

There was evidence in the heart rate data of differential responses 
to signals within the signal sequence MAN BOY MAN as well as within the 
nonsignal sequences CAT BOY MAN and MAN KEY MAN. The noninstructed 
group displayed more inconsistency in their heart rate responses to the 
signal stimuli than the normal or instructed groups. The heart rate 


responses of the normal and instructed groups were basically acceleratory 
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in nature, whereas the noninstructed displayed either no response (as 
was somewhat evident for BOY in the nonsignal sequence CAT BOY MAN) or 
deceleration (as was observed for BOY in the nonsignal sequence CAT BOY 
MAN and the last signal in the nonsignal sequence MAN KEY MAN). 

Effect of instructions. The instructions to rehearse the signal 
sequence resulted in a somewhat more consistent heart rate response to 
the signals for the mentally retarded groups. The results here are not 
as clear as they were for the GSR data; however, there was an indication 
that the heart rate responses suggest a more "selective attending 
process" as a result of instructions. This was also evident in the 
GSR was discussed previously. 

Heart rate change has also been noted to anticipate change in overt 
movement as when it goes up prior to actual speech in an interview 
Situation (Murray, 1963) or up during the few seconds prior to a task 
during which the subject has been alerted that the task (signal) will 
be coming (Coles, 1974). The differences in responses to BOY may in 
fact be considered as a difference in "alerting" between the instructed 
and noninstructed groups. The signal then has more of an "alerting" 
effect on the instructed group as compared to the noninstructed. It 
was suggested earlier that the acceleration of heart rate might indicate 
covert rehearsal which has been suggested in some studies (Tursky, 
Swartz & Crider, 1970). The question of whether it is a function of 
cognitive processing ("rehearsal") or “alerting” cannot be conclusively 
answered with the data here. Perhaps they are interrelated as "alerting" 
‘could imply active cognitive activity. The GSR data did not clearly 
reveal an "alerting" aspect for the signal BOY, so it would seem more 
appropriate here to attribute the heart rate response to cognitive 


processing ("rehearsal"). 


Sti 


28) senioges on eridts bovetgatd 


O8 TAD sonsyupee Is t iS) 6 06 ae: He 
| Y TAD Du Ps 2 fone ation ta , Y be cnt 
.(AAM. Y3% HAM sInsupee tangtenon fet 

se 4 ek 
fenpte ond szvsedey ot 2 snotiourdent ant gotta ant § 


ot senoqeay stsy tvsad snaiztenoa eon Seto 


% pays ter Zz n at 
ton svs ave 2etlueey oni 2quorg’ bs vsser Uttam ond 10 + ef Brigt: 
| Lig og Pie. 10 70: 


5 , yirk 
notisotbnat 6 esw syvons .isvewor is teb 922 ne nor sron york ta 09h 


A 
Jeappue coanogeen. aie 3 on ott 
4 Yeates 70 ah Be PF) * 
ont nt inebtvs dels 26w 2FaT = .anot twit ent te bag 6 hee 32 
. 7.8 Lin ae ‘i 
x Tavatveng bezeuseth -atsb 8 
- ; ) Ra tas nf 
tyevo nt aonsda sdeqistins oF betan nged oete 2st somata. io 69h 


_ : 


‘entbngss6 oy hyoeig2e" sion: 5 


watviodat mm nt doseqe [susos. oF sortq qu ze00 $f ty 


‘dead 6 oF yotrg ebnopse wet aid pairs 990 (eae ve rm 


nt yemn YOA oF 2nenageay Ai Zeon sti oat NRE « 2s 
‘W) 


batoursent say NSSWI SE “patdete! At sonora ti 6 26 bértg ; 02, 8d 4: 


rh ae Pyar 
4 *) “pale yore: 6 to avon 267 ert heal oa equate: boron 
a1 _batourdentoon anid, ot barvegmoo 2 quo or bedourgent ene pep | 


a. ial 


3) 
_ edsgtont dnp to 935% sro 90 soitaratsso0 sis ‘todd Be Bet 
dopa dew!) 3 eotbuse amae nt season ns sista er: 
to et ¥8 at aan im , up foie | etebind | 


Bt, ae 


pia m6 enti ta fee wy on team 09 ra ovitte 
_— ee 


sa yt nr ; 
7 n : 
, ile Fe 4s rite are eu si 6b ba tw bet 
CMe eet Ss ) | A } 


‘hee raid 


CHAPTER VII 
CONCLUSIONS 


Normal and Retardate Differences 


The results of the present study point to an impairment in the 
selective component of "attention" in the educable mentally retarded, 
as indicated in the orienting responses of the noninstructed to some of 
the nonsignals in the task. The vigilance performance of the non- 
instructed was inferior to both the normals and the instructed. The 
autonomic measures suggested that the performance differences were a 
function of lack of selection with respect to "attending" to the most 
significant stimuli. The noninstructed evidenced greater autonomic 
responsivity to some of the less significant stimuli in the task than 
the instructed. There was evidence of this in both the HR and GSR 
analyses. 

There was no indication in this of general arousal level differences 
between normals and retardates. There was, however, indication of the 
mentally retarded responding to some of the less significant stimuli to 
a greater extent than the normals as evidenced particularly for the GSR 
to the first signal MAN in MAN KEY MAN. The mentally retarded here 
appeared to be more at the beck and call of some of the nonsignals than 
the normal or instructed (Denny, 1966). The data, however, was not 


consistent in this respect. 
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Effect of Instructions 


The explicit instructions to rehearse the signal sequence and 
associate this with the press response clearly improved the vigilance 
performance of the mentally retarded. The instructions appeared to 
focus the attention of the retarded on the signal sequence and more 
specifically on the imperative signal MAN in this sequence. Also, the 
arousal properties of some of the other less significant signals were 
decreased for the instructed. This was most clear in the GSR analysis 
but was supported to some extent in the HR data as well. 

In the present task it is clear that short-term memory is involved 
with respect to the signal and nonsignal sequences. For instance, one 
must remember that CAT was said at the beginning of the nonsignal 
sequence CAT BOY MAN. The instructions may have assisted this in terms 
of rehearsal and maintenance of a set with respect to the signal sequence. 
The HR data did indicate some covert and/or overt cognitive activity, 
particularly in response to the critical signal BOY in the normal and 
instructed groups. This was not displayed clearly by the noninstructed. 
It seems that retardates may thus be less "intelligent", not because they 
cannot rehearse, group or organize information, but rather they cannot 
spontaneously do this in terms of the most effective method or strategy. 

On the basis of the results of this study and others (Belmont & 
Butterfield, 1971),. it appears that training in strategies such as 
rehearsal can increase the level of retardates' performance to some 
extent. The question of generalization still needs to be explored fully. 


The effect of training retardates in strategies of coping with a task and 
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generalizing the strategy to other tasks requiring similar strategies is 


a fruitful area for further research. 


GSR and HR habituation 

There was no consistently clear evidence for differences of 
habituation of the orienting response for the three groups obtained in 
this study. This follows others who have failed to obtain differences 
in rate of habituation between retardates and normals (cf. Heal & 
Johnson, 1970). 

There was, however, disparity in habituation of the GSR and HR 
components. GSR displayed consistent habituation to the stimuli for 
all three groups, whereas deceleration of HR did not. Habituation 
which is observed in one autonomic response system does not always 
appear in another. The inconsistencies relative to different autonomic 
measures of habituation have been noted by others (cf. Graham, 1973). 


It would seem that one must Specify the system which is sensitive to 


habituation ina pareieuiay experimental paradigm. 

In this experiment the stimuli were all in one modality and all 
were meaningful verbal stimuli. Heart rate may be most sensitive to 
the cognitive aspect when meaningful verbal stimuli are utilized and 
therefore should not habituate as easily as GSR which may not be as 
sensitive. HR is more sensitive to motor response. As this study 
involved motor responses in terms of key pressing and possible covert 
and/or overt verbalizations it is conceivable that this would give rise 
to no habituation. However, other studies in which no overt motor 


responses were required have obtained similar results. More complete 
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investigations into the nature of GSR and HR habituation, particularly 
involving verbal and nonverbal stimuli, might further our understanding 
of the possible relationships between autonomic responsivity and central 


processing. 
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APPENDIX A 


Examples of the Calculation 
of % Deceleration and % Acceleration of Heart Rate 
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% Deceleration Calculation 


The two-second prestimulus values obtained, e.g., 80 and 82 BPM 
were scored. The two lowest BPM in time period A above (5 seconds 
poststimulus obtained, e.g., 71 and 73). Mean BPM prestimulus is 
(80+ 82)/2 =81 BPM. Mean of two lowest BPM in 5 seconds poststimulus 
is (71+ 73)/2= 72 BPM. % deceleration = 100 x 81 - 72/81 = 11.112. 


% Acceleration Calculation 


The mean prestimulus as in above % deceleration example was taken, 
e.g., 81 BPM. Mean of two highest BPM in 4-10 second poststimulus from 
time period B above, e.g., 91 and 93 BPM. Mean of two highest BPM post- 
stimulus was taken: (93- 91)/2 = 92 BPM. % acceleration = 
100 x(92 - 81/81)= 11.11%. 

The percent deceleration to the stimulus was interpreted as an 
orienting response to the stimulus. Percent acceleration would be 


considered in terms of a cognitive response to the stimulus (Lacey, 1959). 
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APPENDIX B 
ANOVA Tables: 


GSR Loge Prestimulus Conductance 
and Prestimulus Heart Rate Analyses for Signal Sequence 
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ANOVA for Normal vs. Noninstructed: 


Table Bl 


MAN BOY MAN signal sequence; prestimulus Loge conductance 


Source 


Between 
Groups 
Error 


Within 
Blocks 
Blocks x groups 
Error 


Stimuli 
Stimuli x groups 
Error 


Blocks x stimuli 
Blocks x stimuli x groups 
Error 


df 


28 
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(Se) (S12) Pr fer ere ea S&S) 
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(AAAS) 
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Table B2 


ANOVA for Instructed vs. Noninstructed: 
MAN BOY MAN signal sequence; prestimulus Loge conductance 


Source df MS F p 
Between | 
Groups ] 0.04 0.01 NS 
Error 28 1eA2 
Within 
Blocks 5 0.99 3.94 =..025 
Blocks x groups 5 0.06 0.25 NS 
Error 140 0.25 
Stimuli 2 0.00 0.83 NS 
Stimuli x groups 2 0.00 0.44 NS 
Error 56 0.00 
Blocks x stimuli 10 0.00 0.64 NS 
Blocks x stimuli x groups 10 0.00 139 NS 
Error 280 0.00 
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ANOVA for Normal vs. Noninstructed: 


Table B3 


MAN BOY MAN signal sequence; prestimulus HR 


Source 


Between 
Groups 
Error 


Within 
Blocks 
Blocks x groups 
Error 


Stimuli 

Stimuli x groups 
Error 

Blocks x stimuli 


Blocks x stimuli x groups 
Error 


df 


280 


MS 
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64 
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Table B4 


ANOVA for Instructed vs. Noninstructed: 
MAN BOY MAN signal sequence; prestimulus HR 


Source 


Between 
Groups 
Error 


Within 
Blocks 
Blocks x groups 
Error 


Stimuli 
Stimuli x groups 
Error 


Blocks x stimuli 


Blocks x stimuli x groups 


Error 


df 


280 


MS 


1] 
58 
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42 
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6.48 
0.60 
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APPENDIX C 


ANOVA Tables: 
GSR Analyses for Nonsignal Sequences 
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ANOVA for Normal vs. Noninstructed: 
CAT BOY MAN nonsignal sequence; GSR sec x sec conductance change 


Source df MS F p 
Between 
Groups ] We eUiee2 U9 NS 
Error 28 0.86 
Within 
Blocks 5 Wa O lee leach 4 NS 
Blocks x groups S) 1 5oe | he. OG NS 
Error 140 1.41 
Stimuli 2 GV Ae 33/3 RS <.05 
Stimuli x groups 2 0.99 0.89 NS 
Error 56 1.10 
Seconds 9 On9? Viele: <7001 
Seconds x groups 9 0507-0283 NS 
Error 0c 0.08 
Blocks x stimuli 10 Po i) Pele) SE 205 
Blocks x stimuli x groups 10 1.94 1.84 NS 
Error 280 1.06 
Blocks x seconds 45 OO. Oe eer Ol 
Blocks x seconds x groups 45 OS08) ele oe NS 
Error 1260 0.06 
Stimuli x seconds 18 Dah El 1.95" . «3205 
Stimuli x seconds x groups 18 Q700r) t.4z NS 
Error 504 0.06 
Blocks x stimuli x seconds 90 OLt0 6 2545 SO] 
Blocks x stimuli x seconds x groups 90 O208S 73" ce Gt 
Error 2520 0.04 
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Table C2 


ANOVA for Normal vs. Noninstructed: 
CAT BOY MAN nonsignal sequence; frequency 


Source df MS F p 
Between 
Groups ] 1.90 2.01 NS 
Error 28 0.94 
Within 
Blocks 5 2.46 10.25 <.001 
Blocks x groups 5 0.06 0.24 NS 
Error 140 0.24 
Stimuli 2 0.39 1.9] NS 
Stimuli x groups 2 0.03 0.15 NS 
Error 56 0.20 
Blocks x stimuli 10 0.16 1.00 NS 
Blocks x stimuli x groups 10 0.17 1.08 NS 
Error 280 0.16 
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Table C3 


ANOVA for Normal vs. Noninstructed: 
CAT BOY MAN nonsignal sequence; magnitude 


Source df MS ir wy 
Between 
Groups ] 0.04 eZ! NS 
Error 28 0.20 
Within | 
Blocks 5 60.41 A 371.4%, 025 
Blocks x groups 5 0.01 0.12 
Error 140 0.09 
Stimuli 0.14 2.32 NS 
Stimuli x groups 0.02 0.26 NS 
Error 56 0.06 
Blocks x stimuli 10 0.05 13.14 NS 
Blocks x stimuli x groups 10 0.02 0.50 NS 
Error 280 0.04 
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Table C4 156 


ANOVA for Instructed vs. Noninstructed: © 
CAT BOY MAN nonsignal sequence; GSR sec x sec conductance change 


Source df MS boc - ep 
Between 
Groups ] bao N37 NS 
ErGer 28 0.62 
Within 
Blocks 5 OS WW aoa 6 Naa NS 
Blocks x groups 6 2.43 2.09 NS 
EGror 140 Lies He 
Stimuli 2 s04 «2231 NS 
Stimuli x groups Z Ca Oren cs05 NS 
Error 56 le 32 
Seconds 9 Os6550nO-550° =. 01 
Seconds x groups 9 Oe 5 mel 40 NS 
Error 252 0.10 
Blocks x stimuli 10 ode Se he co NS 
Blocks x stimuli x groups 10 BOO we. O2  waxe 
Error 280 ie2o 
Blocks x seconds 45 Calo 2.571 <0) 
Blocks x seconds x groups 45 Odean. 40 pec 05 
Error 1260 0.07 
Stimuli x seconds 18 OeOy beet NS 
Stimuli x seconds x groups 18 OeV2i. i Oo 2.00 
EVcor 504 0.07 
Blocks x stimuli x seconds 90 OOP ease) end 
Blocks x stimuli x seconds x groups 90 Gablceion” se 
Error 2520 0.05 
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Table C5 


ANOVA for Instructed vs. Noninstructed: 
CAT BOY MAN nonsignal sequence; frequency 


Source 


Between 
Groups 
Error 


Within 
Blocks 
Blocks x groups 
Error 


Stimuli 

Stimuli x groups 
Error 

Blocks x stimuli 


Blocks x stimuli x groups 
Error 


df 


28 


140 


56 


10 
10 
280 


MS 


4.09 
0.97 
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S005 
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Table C6 


ANOVA for Instructed vs. Noninstructed: 
CAT BOY MAN nonsignal sequence; magnitude 


Source df MS iP p 
Between 
Groups ] 0.01 0.02 NS 
Error 28 033 
Within 
Blocks 5 0.42 S30 <.02) 
Blocks x groups 5 0.05 0.42 NS 
Error 140 0.13 
Stimuli | 2. Que? 2.36 NS 
Stimuli x groups 2 0.26 ra gs. NS 
Error 56 0.09 
Blocks x stimuli 10 0.05 0.65 NS 
Blocks x stimuli x groups 10 0.04 O03 NS 
Error 280 0.07 
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Table C7 


ANOVA for Normal vs. Noninstructed: 
MAN KEY MAN nonsignal sequence; GSR sec x sec conductance change 


Source 


Between 
Groups 
Error 


Within 
Blocks 
Blocks x groups 
Error 


Stimuli 
Stimuli x groups 
Error 


Seconds 
Seconds x groups 
Error 


Blocks x stimuli | 
Blocks x stimuli x groups 
Error 


Blocks x seconds 
Blocks x seconds x groups 
Error 


Stimuli x seconds 
Stimuli x seconds x groups 
Error 


Blocks x stimuli x seconds 
Blocks x stimuli x seconds x groups 
Error 


df 


28 
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Table C8 


ANOVA for Normal vs. Noninstructed: 
MAN KEY MAN nonsignal sequence; frequency 


Source df MS F p 


Between 
Groups ] 0.74 0.98 NS 
Error 28 (Ow Ae) 
Within 
Blocks 5 iyerets: 9.58 <.001 
Blocks x groups 5 0.50 2.63 =.025 
Error 140 0.19 
Stimuli 2 1.74 9.56 <.001 
Stimuli x groups 2 0.34 1.84 NS 
Error 56 Seals) 
Blocks x stimuli 10 0.09 0.48 NS 
Blocks x stimuli x groups 10 O27, 1.50 NS 
Error 280 0.18 
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ANOVA for Normal vs. Noninstructed: 
MAN KEY MAN nonsignal sequence; magnitude 


Source 


Between 
Groups 
Error 


Within 
Blocks 
Blocks xX groups 
Evaro 


Stimuli 

Stimuli x groups 
Error 

Blocks x stimuli 


Blocks x stimuli x groups 
Error 
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Table C10 


ANOVA for Instructed vs. Noninstructed: 
MAN KEY MAN nonsignal sequence; GSR sec x sec conductance change 


Source df MS Fi p 
Between 
Groups ] Cul 1.87 NS 
Error 28 Te24 
Within 
Blocks 5 0.74 0.71 NS 
Blocks x groups 5 Tadoue alae? NS 
Error 140 1.05 
Stimuli 2 OStSra 0236 NS 
Stimuli x groups 3.04" 7.34 —~s.00] 
Error 56 0.50 
Seconds 2) 0.42 4.92 <.001 
Seconds x groups 9 Q209rs Pp 708 NS 
Error 252 0.09 
Blocks x stimuli 10 COS 1s '60 NS 
Blocks x stimuli x groups 10 UU i rchead ro lps NS 
Error 280 lini2s 
Blocks x seconds 45 02091 P87 NS 
Blocks x seconds x groups 45 Os0S"* 4 62 NS 
Error 1260 0.05 
Stimuli x seconds 18 Oat 3.04, 6S. 00l 
Stimuli x seconds x groups 18 0.06") 1290) s.025 
Error 504 0.03 
Blocks x stimuli x seconds 90 0.08 1.43 NS 
Blocks x stimuli x seconds x groups 90 O706° 1.00 NS 


Error 2520 0.06 
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Table Cll 


ANOVA for Instructed vs. Noninstructed: 
MAN KEY MAN nonsignal sequence; frequency 


Source df MS F p 
Between 
Groups ] 1.07 eS NS 
Error 28 0.94 
Within 
Blocks 5 Ize 135 <.001 
Blocks x groups is 0.20 Lk? 
Error 140 Ona 
Stimuli 2 110 8.39 <.001 
Stimuli x groups 2 0.69 5227 <.01 
Error 56 0.13 
Blocks x stimuli 10 0.27 less NS 
Blocks x stimuli x groups 10 0.08 0.42 NS 
Error 280 0.19 
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Table C12 


ANOVA for Normal vs. Noninstructed: 
MAN BOY CHAIR nonsignal sequence; GSR sec x sec conductance change 


Source Cte eno F p 
Between 
Groups ] 2790 0.92 NS 
Error 28 22/0 
Within 
Blocks 5 2342 207 NS 
Blocks x groups 5 9490 2044) e065 
Ervor 140 2026 
Stimuli 0446. “O15 NS 
Stimuli x groups 4¢28 1.34 NS 
Error 56 3.19 
Seconds 9 0.59 #95 - 2201 
Seconds x groups 9 0.02 22 NS 
EEKOY 252 0.10 
Blocks x stimuli 10 3°00 *h¥2) NS 
Blocks x stimuli x groups 10 SFP3 1326 NS 
Error 280 2.48 
Blocks x seconds 45 0731 79/7. , Ss ¥0l 
Blocks x seconds x groups 45 O¥20 Ha2s8)  ~ s..01 
Error 1260 0.09 
Stimuli x seconds 18 0.05 0.64 NS 
Stimuli x seconds x groups 18 Only 2.980) 15.01 
Error 504 =: 0.08 
Blocks x stimuli x seconds 90 OPO <ke76 3530] 
Blocks x stimuli x seconds x groups 90 OFt3.. 2.18 <.001 
Error 2520 0.06 
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Table C13 165 


ANOVA for Instructed vs. Noninstructed: 
MAN BOY CHAIR nonsignal sequence; GSR sec x sec conductance change 


Source df MS F p 
Between 
Groups ] 0.24 0.11 NS 
Error 28 2.30 
Within 
Blocks : 5 12657" 0298 NS 
Blocks x groups 5 6.09 shone y= 70) 
Error 140 Ley: 
Stimuli 2 24000 )yily 47. NS 
Stimuli x groups 2 Os2ore 301] NS 
Error 56 2.28 
Seconds 9 O53 464s e701” 
Seconds x groups 9 OF04. 0233 NS 
Error 252 0.11 
Blocks x stimuli 10 V6 0.97 NS 
Blocks x stimuli x groups 10 BeOl e205 NS 
Error 280 1.86 
Blocks x seconds 45 O220r Yala, we Ol 
Blocks x seconds x groups 45 OS) 3299) ==. 001 
Error 1260 0.09 
Stimuli x seconds 18 OL) 142 NS 
Stimuli x seconds x groups 18 OOF we timace NS 
Error 504 0.08 
Blocks x stimuli x seconds 90 Old 1.60 NS 
Blocks x stimuli x seconds x groups 90 Ges 224: S20 
Error 2520 G07 
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APPENDIX D 


ANOVA Tables: 
GSR Analysis for Signal MAN 
vs. Last MAN in MAN KEY MAN Nonsignal Sequence 
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Table DI 


ANOVA for Normal vs. Noninstructed: 


MAN vs. Last MAN in MAN KEY MAN; magnitude 


Source 


Between 
Groups 
Error 


Within 
Blocks 
Blocks x groups 
Error 


Stimuli 

Stimuli x groups 
Error 

Blocks x stimuli 


Blocks x stimuli x groups 
Error 


df 


28 


140 


SF Oo oo] 


MS 


Ss 


—_ 


7 p 
.94 NS 
79 <.05 
19 

60 <.001 
2] <.01 
62 NS 
ee: NS 
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APPENDIX E 


ANOVA Tables: 
Heart Rate Analysis for Nonsignal Sequences 
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Table E1 vee 


ANOVA for Normal vs. Noninstructed: 
MAN BOY CHAIR nonsignal sequence; HR sec x sec and BPM change 


SN 


source df MS ‘a p 
Between 
Groups WelS6267 9 0% 56 NS 
Error 28 330.88 
Within 
Blocks jo oOmUo TWO .oS NS 
Blocks x groups 5 891.73 2.404" 2305 
Error 140 163.14 
Stimuli oy A249 AO. 140 NS 
Stimuli x groups 2 A761 | ONV¥ NS 
Error 56 178.68 
Seconds Gulla vo4,0e 77) mrs.) 
Seconds x groups 9 140.93 .>.0.43 NS 
Error 25c> “Cora 
Blocks x stimuli TO 228702871326 NS 
Blocks x stimuli x groups 10. 443.71 § 0.64 NS 
Error 280 222.98 
Blocks x seconds AG) ba ml oa NS 
Blocks x seconds x groups 45; 925089" °° 2-08. 655.04 
Error 1260 12.41 
Stimuli x seconds tow "57461 ao” SOU 
Stimuli x seconds x groups 18 S29 =§=—0.'60 NS 
Error 504 =13.82 
Blocks x stimuli x seconds 90 10.41 0.89 NS 
Blocks x stimuli x seconds x groups 90 47.65 “4.54 <.01 


Error 2520 =611.67 


eat 


| ouiter 
pnrers Maa ban 282 x 20a 


[0.2 


[00.2 
ra 


A 
10.2 


dc. 


iI. 


cD 


6.0 


ev I Ps wy 


aie oe 


Ways sien Was 


; wid ae 
Fumi $e x 2 sit | 
2quotp x rTumite x eno ap 
s013 i 
ebnione2 x aioot 


equoyp x ebnoose x 2m 


4 ca a 


zbnoose x Ti 
2quoip x ebnioss2 x Flue 
7 
ebnoose x thumtte x 2ioofB 
equoyp x ebnoose x ilumtte xe o0f8 


a ee, | ; 
nr 
— 
9 


= 


+4 
‘ 


ne 


170 
Table E2 


ANOVA for Instructed vs. Noninstructed: 
MAN BOY CHAIR nonsignal sequence; HR sec x sec and BPM change 


Source. df MS F p 
Between 
Groups 1 142.76 0.64 NS 
Error 28 224.07 
Within 
Blocks D206. 00m. 11s 00 NS 
Blocks x groups | Dili O09: A026 NS 
Error 140 168.15 
Stimuli Oar. 12,08 NS 
Stimuli x groups 2) (Se. AG 10.23 NS 
Error 56. 4h43e59 
Seconds 9 51:28. 71). 496.33 Ns<.001 
Seconds x groups 9 Mao shee NS 
Error 252 020.33 
Blocks x stimuli TG. $266.96. 961-61 NS 
Blocks x stimuli x groups Ww 175.31. 1.06 NS 
Error 280 165.96 
Blocks x seconds | Ae), 27.49 402 00 Wee.01 
Blocks x seconds x groups &5,0715.6/ 1.46 NS 
Error 1260. 10.72 
Stimuli x seconds Vote 26 Pils Ort | S05 
Stimuli x seconds x groups Wa 29.64" '23:09°, = ..01 
Error 504 = 14.20 
Blocks x stimuli x seconds SOM) S20 Gc cli, Oi 
Blocks x stimuli x seconds x groups 90 Sia? 0.986 NS 
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Table E3 


ANOVA for Instructed vs. Noninstructed: 


MAN BOY CHAIR nonsignal sequence; HR % deceleration 


Source 


Between 
Groups 
Error 


Within 
Blocks 
Blocks x groups 
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Table E4 172 
ANOVA for Normal vs. Noninstructed: 
CAT BOY MAN nonsignal sequence; HR sec x sec and BPM change 
Source df MS F p 
Between 
Groups Tee VO0e59' 5.0247 NS 
Error 26 2d. 00 
Within 
Blocks 5 19.67 0.09 NS 
Blocks x groups 5 1 iaeec0. 1) Uasl NS 
Error 140 208.39 
Stimuli 182572 Soe Oe NS 
Stimuli x groups 2 SG lo: "2 ST0 NS 
Error 50 207.96 
Seconds 9° 46,53: 13:94 .. s..01.- 
Seconds x groups OCU LOe, nel | NS 
Error 252) ) Fv eoe 
Blocks x stimuli TOP s163-98; ~0259 NS 
Blocks x stimuli x groups 10 193.04 0.69 NS 
Error 280 278.24 
Blocks x seconds AS GE eO. Oe 82.00) "s. 01 
Blocks x seconds x groups 5 Ta.20 TT NS 
Error 1260 12.87 
Stimuli x seconds 18 6.75 , Osde NS 
Stimuli x seconds x groups HOG Cay OOr ts NS 
EY Tor SORT 1S. U5 
Blocks x stimuli x seconds OG) 1492.6 "1.18 NS 
Blocks x stimuli x seconds x groups SO Ic 0. OF NS 
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Table E5 


ANOVA for Instructed vs. Noninstructed: 


CAT BOY MAN nonsignal sequence; HR sec x sec and BPM change 


Source 


Between 
Groups 
Error 
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Blocks 
Blocks x groups 
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Table E6 


ANOVA for Normal vs. Noninstructed: 
MAN KEY MAN nonsignal sequence; HR sec x sec and BPM change 


Source df MS F p 
Between 
Groups I. - 262.24 1.00 NS 
Error 28 «2601.39 
Within 
Blocks 5. wlio leas 0.67 NS 
Blocks x groups 5 9454236 2.330"  <05 
Error | 140 = 195.00 
Stimuli 2 wb/.94. 2.39 NS 
Stimuli x groups (a 83.06 0.43 NS 
Error 56 o4l.9 1,82 
Seconds 9. 41800 4q/ AZ. <.00) 
Seconds x groups 9 15558 0.89 NS 
Error 252 17.54 
Blocks x stimuli 10 188.37 0.86 NS 
Blocks x stimuli xX groups VO 54063 ghs83> )<205 
Error 280 §=219.23 
Blocks x seconds 45 20.88 1.94 NS 
Blocks x seconds x groups 45 12498" shad NS 
Error 1260 10.76 
Stimuli x seconds 18 Ba/1 0254 NS 
Stimuli x seconds x groups 18 VMeet? “s2'ad0”” 260) 
Error 504 1 Geel I 
Blocks x stimuli x seconds 90 1253: ‘40489 NS 
Blocks x stimuli x seconds x groups 90 (A hea 8 NS 
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Table E7 


ANOVA for Instructed vs. Noninstructed: 


MAN KEY MAN nonsignal sequence; HR sec x sec and BPM change 


Source 


Between 
Groups 
Error 


Within 
Blocks 
Blocks x groups 
Error 


Stimuli 
Stimuli x groups 
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Seconds 
Seconds x groups 
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Blocks x stimuli 
Blocks x stimuli x groups 
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Table E8 


ANOVA for Normal vs. Noninstructed: 
MAN KEY MAN nonsignal sequence; HR % acceleration 


Source df MS F p 
Between 
Groups la e2Alegs 4.09 <.05 
Error 28 59.23 
Within 
Blocks 5 142.29 3.09 $/05 
Blocks x groups 5 79.16 1.72 NS 
Error 140 46.03 
Stimuli 2 4.59 Oat NS 
Stimuli x groups ( 44.57 1.09 NS 
Error 56 41.08 
Blocks x stimuli 10 39.56 0.91 NS 
Blocks x stimuli x groups 10 71.34 1.64 NS 


Error 280 43.51 
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APPENDIX F 
ANOVA Tables: 


Heart Rate Analyses for MAN 
vs. Last MAN in Nonsignal Sequence MAN KEY MAN 
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Table Fl 


ANOVA for Normal vs. Noninstructed: 
MAN vs. last MAN in MAN KEY MAN; HR % deceleration 


Source df MS F p 
Between 
Groups ] 36.77 137 NS 
Error 28 26.87 
Within 
Blocks 5 44.05 Ve22 NS 
Blocks x groups 5 51.68 1.43 NS 
Error 140 36.14 
Stimuli 1 17.10 0.90 NS 
Stimuli x groups Tt 29158 8.47 <.001 
Error 28 34.45 
Blocks x stimuli 5 25.83 0.74 NS 
Blocks x stimuli x groups 5 24.06 0.69 NS 


Error 140 Soul bl 
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Table F2 


ANOVA for Instructed vs. 


Source 


Between 
Groups 
Error 


Within 
Blocks 
Blocks x groups 
Error 


Stimuli 

Stimuli x groups 
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Blocks x stimuli 
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Noninstructed: 
MAN vs. last MAN in MAN KEY MAN; HR % deceleration 
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APPENDIX G 


Vigilance Task and Procedures 
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The following instructions were given to both the normal and 
noninstructed groups; instructions were prerecorded on tape. The tape 
was turned on after having settled the subject in the chair with 
electrodes attached. 

"You are going to hear a series of words. Whenever you hear the 
sequence MAN BOY MAN you are to press the key when you hear the last 
word MAN. Only press the key when you hear this sequence, MAN BOY MAN. 
Do not press for any other. Okay, now let's try it." [The following 
Stimuli were then presented: KEY HEN MAN BOY MAN.] If the subject 
pressed correctly, the experimenter would say, "Good, that's right. 

Now let's try another." If the subject pressed incorrectly, the 
experimenter would say, "No", and then repeat the instructions. When 
three consecutive correct responses were made, the experimenter would 
say, "Okay, now I'm going to let you go on your own." 

For the instructed group, the following instructions were given. 
"You are going to hear a series of words. Whenever you hear the sequence 
MAN BOY MAN you are to press the key when you hear the last word MAN. 
Only press the key when you hear this sequence, MAN BOY MAN. Do not 
press for any other. Say out loud: MAN BOY MAN Press: MAN BOY MAN 
Press! Let me hear you. [Pause] Okay, keep saying this over and over 
all the time you are here: MAN BOY MAN Press: Do not stop. Okay, 
now let's try it." [The following stimuli were then presented: KEY 
HEN MAN BOY MAN. ] If the subject was right, the experimenter said: 
"Good, that's right. Now let's try another." If the subject pressed 


incorrectly, the experimenter would say, "No", and repeat the 
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instructions. When three consecutive correct responses were made, the 
experimenter would say, "Okay, now I am going to let you go on your own. 
[Pause] A series of words (see Figure G1) was spoken from the pre- 

recorded tape. The same tape was used for all subjects. Interstimulus 


intervals between words were 16 seconds. 


7 : 7 ; y Top iy na 
2 he - Lt : 
is a. oe LY ¥ 
ie Sa 
Pai Wid” 
; y : | 


to Woy no ap woy tf A. 
~87G ont non? nedoqe. 26m ( 


2ulumtserstnt - etoetdue Pia wot 


fo SNe, 


183 


List of Stimulus Words 
in Order as Pretaped 


cat man man man 
boy hen cow hen 
man key cat . man 
hen man man boy 
man boy boy man 
key man chair cow 
man hen hen Cat 
Cow man man boy 
key boy boy man 
man chair man hen 
boy COW cat man 
man man key boy 
key boy man chair 
hen man boy cat 
man COW man key 
boy hen COW man 
chair man man key 
hen boy key man 
man man man Cow 
boy key cat man 
man man boy boy 
COW boy man man 
hen chair hen key 
man cat key cat 
key COW man boy 
man Cau boy man 
COW boy man COW 
key man Cow man 
cat hen man boy 
boy man boy man 

boy chair 

man key 

chair COW 

man man 


key key 
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